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PREFACE TO SECOND EDITION. 



N. B. — A careful perusal ol this Preface is 
recommended U> my readers. 



The demand for a Second Gdiiion of this text-book on physiology 
within mtcb a Bhort time surely indicutes that the hook is much ap- 
jueviated, especially when the !S«cond Edition requires no additions, 
alterations, or corrections of the main lesl uf the First Edition. 

It is gratifying to notice that the tim<^ for the :Jtudy of medicine 
in medical colleges haa been extended to four yearH, which is surely 
not too long for one who wishes to acquire Komething above medi- 
ocrity in this science. In one respect, however, it may not be amies 
to allude here to a serious defect in some localities of uot requiring 
» belter qualifieation In the knowledge of the Laws of Life. 

StudentK intending to become physicians, have a right to demand 
u mo»l thorough teaching of the laws that govern the human body. 
Deception in this regard is bad; and when diplomas are awarded to 
Lbu8e who have not a thorough knowledge of physiology, it endan- 
gera human life and perpetuates conditions in the profession that 
kcvp up the danger. It is the duty uf all medical examining boards 
to refuse licenses to applicants who are found deficient in this regard. 

Tbi» work carefully distinguishes physiology from histology. It 
is notorioufi that even in some firet-c lass Colleges these two branches 
aie not unfrequenlly confounded. What can be expected from the 
student when the teacher himself does not know that Physiology is 
the science of the IdWa of life and Functions of living organ- 
tMns; Histology the science of minute anatomy. It ie on account of 
canfoanding these mn tiers in text-hooks that the mischief is worked. 
Tb« student gets confused, and at last gets to hate and ehun physi- 
cdegy, nunagiog to cram a few dozen answers to questions in one or 
two years in order to get out of it. The fnct is, as the author hns 
always experienced, that, when physiology is truthfully and com- 
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prehenaively laid before students, no branch of medical knowledge 
is so pleasing and faKcinaling. The student noon gets to foel intern- 
ally that the true and thorough knowledge of the Laws of Life 
is the very Foundation of medical competency, diagnoBis, and 
safety of treatment. 

The conscientious student will ask himself; How shall I be able 
to make a sure, true diagnosis? How shall I l)e able to know what 
remedy to administer? How shall 1 be able to know the physiologi- 
cal actions of remedies? The books on ^fa(e^ill Mrdica and Practice 
tell me that the action is such and such, hut not one tells me how the . 
remedies act. How shall I be able to know whether what 1 observe 
in a patient is to be attributed to remedies or to the disease? 

A common sense man says, give me a lawyer thoroughly versed ', 
in the law and I will trust my case to him. Can a lawyer ignorant 
of the law know when he does harm to his case? Certainly not. J 
It is exactly the same with the physician. The praclitioner, ignor- J 
ant of the laws of human life, may be not inaptly compared to aM 
blind bird ; it may find the grain on the way-side, but the chanceAl 
are against it. 1 

The greatest responsibility tails on the medical college faculty oisj 
officers, who supply the chair of physiology with simply a book-1 
worm. In fact, it seems very often as if any physician is thongbt I 
competent to fill that chair as Professor, provided he is able to talk \ 
the hour away two or three times a week. Such a Professor carsB J 
little whether the student has fully understood him or not, or in fact | 
whether he has understood him at all: for, if he did he would not I 
allow students, as very often happens, to cram a few dozen questions. J 
and answers for what is termed "Examination," and then diepensejl 
with physiology for the balance of the College course. I 

It has often been publicly remarked, that no two physicians agreoil 
in regard to treatment. Why is this? Because if all physiciansl 
were thoroughly educated in physiology they would know posi- I 
tively what is required, and there would be no difference of opinioix.fl 
in treatment. Then the treatment of human beings would he trulyB 
scientific, hut it cannot be without that knowledge. Physiology ujfl 
no longer guess work; it is ae positive as any other science, and thefl 
physician who does not know the Laws of life is either at fault him- f 
self or the blame falls back on his teacher. It ib not due to the J 
science. '■ 

The author for years has maintained that the time required for^ 



Ihe «ttjdiy of phygiolotjy in the medical colleges la too short, and 
he has kepi hie stmlents for the full term of four years of college 
slady on physiolofry. Thiit he wa^ not alone in this idea it is 
iigre«at>Ie to notice that the College Faculty of Physicians and Sur- 
geons, IiOndon, have by resolution extended the time for the 
s'tudy of phyaiology of three years, ho that hereafter students are 
required to continue this subject for the full term of five years. 

Anyone who maintains that medical students can be excused from 
the study of physiology before the end of their college life, knows 
ttnt little about it. If he comprehendeil this science, he would know 
the importance of that study. 

Does the Professor on physiology ever reflect on the following:^ 
Am I fit for the position? Do I do my duty? Am I not neglectful? 
Do I see that every student under my care fully comprehends the 
tiobject? Will I not be partly responsible for the acts of a physi- 
cian once in my care who does more harm than good to patients, 
or perhaps shortens their lives on account of not having received 
from me thorough teaching? 

On no other chair In medical colleges doe» the responsibility so 
forcibly rest as on the chair of physiology; because a doctor once 
out of college can easily continue the study of otiier branches of 
medical knowledge, but not that of physiology. This latter has to 
Vie acquired in the college, because to fully comprehend ihe laws of 
life, requires a thorough and practical professor to teach, to read, 
lo explain, to illustrate a mibject sometimes in many different ways, 
liefore every student fully comprehends It. Besides, the explana- 
tions and illustrations have to branch off more or less on a subject 
of another chair, or lo several at a time, 80 as to make the point 
understood. 

The so-called Quiz-books in the market, i. e., books contain- 
ing questions and Answers on physiology, are surely detrimental 
to the student in acquiring a knowledge of physiology. No man can 
learn any science out of quiz-books. 

Concurrently with this texl-book, the author has prepareil a small 
book (paper bound) entitled "Oucr SOOO Qufsliima on Lawn oj Ihe 
HnvMTi Body." (See page 348) That book contains Every 
Point in this text-book in question form — this work the Answers 
in detail, and which follow one another similar as the i|Uestions. 
The student, therefore, fortunate enough to possess these two books, 
can, with more ease and facility understand atirl truly comprehend 



the laws gowning nil llie orguns of the human body. It w, iC 
may so expre^ it, a chewing up of the Hcientific food for more ei 
digL>ttion by the student, 

It may not be too much to assume that the author of this work m 
the first who ever laid down in a medical college text-book, the true 
fad. of the following physiological laws; 

Finl— That the StimuluB fur respiration and i-irculation are the 
carbonic acid elements of the \enuuB blood to the heart nnd lungs. 

Second— That the Acid for the gastric juice normally originates 
ill the lower portion of the issophii^us. 

Third — That External Sensation lits in the sense-organ. 

Fourth. — That tlie living Liody comprehends au Immaterial Vl-| 
tal Principle or Soul. 

Fifth— Tha-t all brain and spinal-cord NePvouB-centre Ac- 
tdoUB, vohmtary or involuntary on exlernal organs, are due lu- 
Reflex ActioUB only. 

Sixth — That the Cause of the Capillary Circulation in the 
animal body 

Seventh— That the defective mucous memb.-ane is the Primary 
Cause of Consumption. 

fi'if//(7/i~-Tliat til*' physiological action of remedies will become an 
I xact science ua soon as physiology is truly comprehended, and not 
i..'fore. 

J. P. Schmitz, M. D. 
3321 Twenty-firet street, 
San Francisco, Cal. 
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PREFACE TO FIRST EDITION. 



A new book on Physiology with auch works as thoee of 

Landois, Dallon, Yeo, Kirkee, Chapman, Forster, Flint, 
Haxley and others before the public, would appear almost 
superSuous; yet this work may demonstrate that there ara 
many points which even now require further elucidation. 

In any expoBition in regard to physiology, it is difficult lo 
arrange the eubjecl-mattera both in the order of their relative 
importance and of their logical sequence. In the following 
pages, however, we have endeavored to set forth in a brief 
yet clear and euffici-'ntly ext«nBive manner the more important 
p(rints of physiological interest. The text is illustrated with 
many original diagrame. In preparing these illustrations 
no effort has been made to picture organs and their func- 
tions; they are merely designed to illustrate the text. 

Where it has been deemed advisable, sufficient anatomy is 
givftn to place the subjects in a clear light before the reader, 
without the necessity of reference to special text-books. This 
plan may assist even the physician in recalling forgotten 
parts of structures and of organic functions. Furthermore, it 
is believed that this work, in its explanations of stimuli and 
sensation, will furnish the key to a better understanding of 
the physiological actions of remedies. 
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PREFACE. 



The reader's attention is especially called to the prime 
causes of respiration and circulation, the origin of the a< 
of gastric juice, sensations, the cause of capillary circulati< 
functions of nervous centres, mucous membranes, and all 
minoids, as set forth in this work. 

The science of physiology presents a well-nigh inexhausti 
field of investigation, requiring careful study and d( 
thought. No one physiological subject can be singled ( 
and an intelligent judgment passed upon it separately; 1 
laws of life must be understood as an entirety. 

A glossary containing over 1000 technical medical ten 
properly defined, has been appended, so that any educai 
person can understandingly read the book without the 
sistance of Latin and medical dictionaries. 

An exhaustive index of all the subject-matters in 1 
book is also appended, so that any subject may readily 
found in the text without loss of time. This may be 
agreeable feature to the physician in refreshing his mem< 
on special organic functions. The scientific physician can 
dispense with the book on the laws of life from his libri 
table, any more than the lawyer can dispense with the b( 
on the laws of the state from his table. The belief that ai 
having once passed successfully the medical college the sti 
of physiology is no further necessary, is surely a great mista 
It is hoped this work will prove not only helpful to 
student, but also stimulate him to acquire a thorough kno 
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^ge of the organic physical and physiological functions, and 
ftt the same time render his study a pleasurable one, on 
^M^count of the condensed yet clear and comprehensive manner 
in which the subjects are treated. The scientific treatment of 
abnormalities of organic functions of the body can be ac- 
complished only through a thorough knowledge of the laws 
of life. 
The many medical students who, during their three-years 

course in the medical college, have listened to my lectures 
and recitations on physiology, are very gratefully remember- 
ed for their marked attention and gentlemanly bearing during 
the lecture hours. 

San Francisco, California, 

May, 1894. J. P. Schmitz. 
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EXPLANATORY. 

* Stars indicate that the subject-matters are illustrated; the 
illustration may or may not be on the same page as given in 
the Contents. A separate and complete list of the illustrations, 
alphabetically arranged, will be found on page 19, et seg. 

All technical words in this book will be found, properly defined, 
in the Glossary at page 277, et seq. Also, a complete Index will 
be found at page 305, et seq. 
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PHYSIOLOGY; ANALYSIS and DIGEST 



INTRODUCTION. 



PhyBioIogy is the science of the laws of life and functions 
cf livin;! organiems. 

An OrganiBia consigts of a. combination of organs, and had 
specific function?. In Btrncture it is capable of performing actions 
and producing effects not only by itself and within itself, but also 
on matter external to and outside of itself. An Organ is a part 
cf an organism, and its action is its function. 

The organic world includes both animal and vegetahh life, with 
their component and physical properties, chemical composition, and 
rital phenomena. Animal as well as vegetable life depends upon 
the action of its individual organs, distinct but mutually combined 
and dependent. 

Organic bodies differ from inorganic by the introduction, assimi- 
lation, combination, and reconstruction of new or fresh matter. 
Certain inorganic substances aggregate to themselves fresh material, 
enlarging in size and quantity, thus showing a quasl-assimilationi 
but they do so only by the addition of particles of matter to their 
exterior. The organic living structure grows by the addition of 
new matter not only to its surface, but throughout its entire mass; 
and at the same time it continually changes — ^decay and repair go- 
ing hand in band. As soon as the mutual dependence of the dif- 
ferent organs in an organized body ceases, it beci:)mes like an 
inorganic body, the only force that keeps it in form being cohesion. 

The vegetable or phtnl, through ite chlorophyll, or green coloring 
matter, decomposes the carbonic acid, ammonia, and water, which 
were absorbed by its roots and leaves, and utilizes them as food. 
Theie is a chemical change effected under the influence of solar 
light, the carbon of the carbonic acid becoming fixed in the 
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Btnicture of the plant, and tbe oxygen exhaled. Kirkes Btatas 
that " animals cannot thus use inorganic matter, and never exhale 
oxygen as a product of decomposition." 

Organisms differ widely, except in cellular assimilation for nutri- 
tion and repair. In the-r tissues the vital phenomena are per- 
formed by living cells, acting independently in response to stimuli; 
and for proper action require a certain degree of warmth and 
moisture, without which chemical interchanges cannot proceed, the 
organism becoming either inactive or destroyed. 

As this work is designed to elucidate the principles of HnniHIl 
Physiology only, the subject-matters of the following pages are, 
therefore, restricted to this branch of physiological science, aa far 
as it is deemed compatible with fullness of elucidation. 

About fifteen of the elements known to chemists take part in 
m»king up the tissues of the human lx)dy, the majority being pres- 
ent in small and varying quantities only. Four elements, how- 
ever — hydrogen, oxygen, nitrogen, and carbon^ occur always in 
large quantities, constituting 97 per cent of the animal frame — hy- 
drogen, oxygen, and carbon being the most constant and abundant. 

The human body, anatomically, is divided into four parts — , 
head, neck, trunk, and extremities, each of which contains many 
different organs; rii., in the head: brain, eyes, ears, etc.; in th» 
trunk: heart, lungs, liver, kidneys, spinal cord, etc.; in the extrem- 
ities, and body, every bone and muscle constitutes a distinct organ. 

A System consists of a combination of ^veral organs, similar 
in texture, but scattered throughout the body — as the arterial, 
muscular, osseous, and nervous systems. 

An Apparatus is formed by the combination of entirely differ- 
ent organs; for instance, the circulatory apparatus is formed by the 
heart, arteries, capillaries, and veins. 

By Tissues we understand the texture or grouping of two or 
more di Here nt anatomical elements interwoven into each other, of 
which any part of the body is composed. 

An Anatomical Blement is tbe smallest natural division of 
tbe organism. If the anatomical element — e. g., a. blood CQrpuecle,^ 
muscular fibre, or an epithelial cell — be separated from the organ- 
ism, and further broken up, it loses its identity and function. The 
union of these elements constitutes the tissues; consequently, all 
parts of the human frame are made up of anatomical elements, 
forming organs, systems, and apparatuses connected with each other. 
£ach anatomical element, wherever situated in the body, possesses' 
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the property of becoming excited by a stimulus proper and essen- 
tial to it. Herein lies the great secret of vitality, or life. 

A Cell is a nucleated mass of protoplasm, in the form of a small 
vesicle, composed of a jelly-like or somewhat fatty substance. In 
all kinds of tissues the function of cells differs; some stimulating, 
while others secrete, absorb, repair, or reproduce. A cell is the first 
noticeable formation to propagate vital phenomena. Its function 
is not only assimilative, enabling it to increase in size, but also 
contractile, ori^nating vital ejiergy within itself and transmitting 
it to other tissues. That cells differentiate by a distinct investing 
envelope, termed cell-wall, or cell-membrane^ has not been con- 
firmed. Cell-reproduction is hy fission or division. Each cell 
is an entity. In reproduction, its tissue, nucleus, and nucleolus 
(protoplasm) elongate and divide into two halves; each forming a 
complete cell. 



CHAPTER I. 



NUTRITION. 

Natrition it the assimilation of luiiirishmmt'm the bod] 
The nutritive ^abstanees are derired from proximate principl 
already existing in animal and v^etable foods, which are adapt 
to enter into the composition of the different part« of the body. 
fTorimaU principU it a compound nf tUmuntt existing in the anim 
or vegetaiU, tolid or fluid, and tehieh am be txiracted withoat altering 
or de8tro}'ing its properties. The moet necessary of these for 
tritioQ are: — 

1. Aibuminmi* (NitrogeiMK»), of organic origin, and derived from 
both animal and vegetable foods. 

2. Starchy, Saccharin/:, and OUaginout ( Non-nitrogf nous }, also 
organic ori^n, and derived from both animal and vegetable fooc 

3. Inorganic (water and saline matter), derived from liquids am 
solids. 

Tfie Coloring Matter, consisting of nitrogenous compounds, is b»* 
lieved to originate in the body. 

Albuminoaa, or Nltroffenoas, substances are of great i] 
portance for animal tissue* and fluids, no food being nutritive with- 
out them. Albuminous matters are called nitrogenous proximate 
principles because they contain nitrogen in addition to carbon, h]r< 
drogen, oxygen, and sulphur. Owing to the nitrogen contained) 
they differ from the non-nitrogenous (starch, sugar, and fat). Thij 
principal food substance of muscular tissue is its albuminous matter, 
and musculin, similar in composition. Albumen exists naturally 
in the most pure slate in ihe "white" of an egg. AlbuminouM matter 
refers to animal and vegetable food containing some albumen 
mingled with other nutritive substances; while Albuminoee is the con 
verted albuminous matter, liquefied in the stomach; it is capable ol 
passing through animal membranes, which pure albumen cannotl 
do. Albuminous substances are hygroscopic — i. e,, they contain 
moisture — and may, therefore, on evaporation of the moisture, bo 
come solidified; however, if brought again in contact with moistoM 
they will absorb liquid and swell, but never go beyond the wei) 
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or qOADtity originally associated with them. In addition to being 
hygroscopic, the albuminous proximate principles coagulate, but 
wheu coagulated cannot resume their original condition. In regard 
to coagulation, the peculiar chemical characteristics of albumen, 
fibrin, and casein are distinguiBhable as follows: Albumen coag- 
ulates when boiled; casein, when in contact with an acid; fibrin, 
when gradually withdrawn from the blood-vessels and exposed to 
the air. When albumen coagulates", its properties are permanently 
changed; it assumes a solid form, but retains the same quantity of 
water as before. Vegetable albumen exists in all vegetables, and 
forms their most essential constituent when used as food. In one 
thousand parts of human blood there are about 75 parts of albumen, 
which, by its presence in the blood, has the physiological property 
of mutually exciting in other proximate principles catalysis, or 
catalytic transformation — i. e., it dissolves, destroys, or changes 
them into other forms. The albumen, too, uses itself up during 
these Iran-forming processes. 

Non-nltrogenoaa proximate principles are divided into two 
groups — carbohydrates (starchand sugar), and hydrocarbons (fats); 
the latter including all varieties of oleaginous matter. 

Starch, — During mastication starchy matter is partly converted 
by the saliva into glucose, which has during digestion the same sig- 
nificance as sugar. Starch, sugar, and fat are termed non-nitrog- 
enous because they contain no nitrogen, but consist of carbon, hy- 
drogen, and oxygen — carbon forming 44 to 84 per cent. Starchy 
eub^tances are converted into sugar by the pancreatic jnice also, 
during digestion. The necessity and desire for vegetable food is so 
great that restriction to a diet of animal food would surely in time 
prove fatal to the human l>ody. Saccharine and oleaginous sub- 
stances are necessary, and found together in most vegetable food; but 
neither is alone sufficient for nutrition. In a short time health 
would fail without the albuminous and fatty proximate principles. 

Sugar.— The sugar in the foodj as well as that formed in the 
liver, disappears by decomposition in the animal fluids; normally, 
it does not appear in any of the excretions. Sugar contains much 
carbon, which may be demonstrated by placing a small quantity 
of sugar on a hot stove; the water evaporates and tlie carlon 
remains; but the sweetness of the sugar is destroyed, as its mole- 
cules are split np, the atoms of hydrogen and oxygen having sepa- 
rated from the carbon. Sugar of milk and liver av^ar originate in 
the body; the cells of the mammary gland and tho<=e of the liver. 
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respectively, having the function of effecting the union of the pro] 
number of atoms of carbon, hydrogen, and oxygen into molecule 
of ?ugar. Liver sugar is found in the substance of the liver 
in the blood of the hepatic veina. 

Fats. — As a general rule, the oleaginous matter in animal i 
stances is found in distinct masses or globules suspended in 
serous fluids; interspersed in the interstices between the anatoin 
elements; in the interior of cells; or deposited in the subslai 
fibrous membranes, (Even in vegetable tissue, oil is always de] 
ited in distinct drops or globules.) Fat or oily matters are nec( 
sary ingredients of food; they cannot be adequately substituted 
starch and sugar. The production of fat in the body requires 
supply of proper malerials. Sometimes in the animal economi 
when emaciation takes place, the oil partly disappears from tl 
cavity of the adipose vesicle (fat-cell) and a watery serum fills thi 
portion of the cell, but the serous and oily fluids remain distinct 
the different parts of the vesicle. In milk the oily matter is in larger 
globules and in greater quantity than iu chyle. In cow's milk the 
oil, or milk-globules (Fig. 1), have a pasty consistency, on accoi 
of the larger quantity of palmatin in proportion to the olein, ai 
p,_ ^ when churned their combinatu 

forms butter. The fat of the body" 
is partly taken in with food and 
partly formed in the body by the 
metamorphosis of other (not fatty) 
proximate principles; poesibly, 
also, by the transformation of 
starch and sugar, as starch dis- 
appears from oil -seeds when ripe. 
The important physiological fact 
in relation to amylaceous, saccharine, and oily substances, as 
their source and final destination, is that they are of organic orij 
appearing first in vegetable growths. They are also derived, to 
certain extent, from other organic materials in the bodies of a; 
mals, and continue to be formed when no similar food hi 
taken. The fixeti oils, of either animal or vegetable origin, com 
of three oleaginous ingredients — olein, Stearin, and palmatii 
The drill is the liquid portion and the distinctive proximate pri 
ciple, and is found mostly in animal oils or fats; the other ti 
stearin and palnuiUn, &Te more solid ingredients. Stearin is 
abundant in tallow and other animal fat's; palmatin, principt 
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in palm oil, coeoanut oil, human fat, and butter. Fat when taken 
with food IB not altered in the stomach, except that it is freed 
from its enclosing membranes, and, entering the duodenum, the 
greater part is then converted into a fine emulsion under the influ- 
ence of the pancreatic juice. It ie then ready to be absorbed 
by the lacteab, and enter the circulation, where its essential 
characteristics are destroyed through a series of changes. 'Ihe 
transformation of fat in the vital economy evokes great activity of 
atoms and molecules, thereby producing heat. Fat haa a low 
power of conducting heat, so that the fat deposited under the ekin 
eervee to retain the heat produced in the body. The further use of 
fat in the vital economy is to fill up spaces, and, as a soft, yielding 
material, to serve either as a bed for delicate structures or as 
an envelope for them. In health a moderate quantity of fat Is 
appropriated by the organism, but, when introduced with the food 
in greater quantity than the absorbents are capable of taking up, 
then the surplus passes out with the feces and a small quantity 
with the sebaceous secretions. 

Starch, sugar, and fat, after serving the purposes intended in the 
body, become transformed and decomposed, and are finally ex- 
pelled in the form of carbonic acid and water. 

Inorganic Proximate FrincipleB are compounds of chem- 
ical elements. Those most commonly found in the body are water, 
sodium and potassium chlorides, phosphate?i, sulphates, carbonates, 
lime phosphates and carlxinates, and magnei^ium phosphates and 
carbonates. The alkaline carbonates, phosphates, and sulphates 
are formed partly within the system during the decomposition of 
organic matter. 

Water is not changed in the body, but absorbed, circulated, de- 
posited, liberated, and expelled unchanged; though it remains nec- 
essarily present in sufficient quantity. It enters into the comi>o- 
sition of every fluid and solid tissue of the body, and the system 
suSers more quickly from want of liquid than from want of solid 
food- Water is a very important and essential ingredient, because 
it holds the particles of solid material in fluids in solution, facil- 
itates their endosmosis and exosmoais, enables nutritious elements 
to find their way into the Wood, to penetrate the substance of the 
solid organs, and permeales every part of the body. It brings the 
organic and inorganic materials in contact, thereby enabling them 
to assume new forms. Through its agency chemical changes are 
accomplished in the various organs; for even the most solid parts 



of th« body contain inter, which, when eraporated, le^iees Ihor 1 

we-silii- AboDt siiiT per cent ol the entire weight of the bodv is 
water, deriveri from withoDl either in drink or food. About 2000 
^amnKs (nearlj four and m hall poonds) of water per day is in- 
tTTMlaced into the ^fiero of an adalt. Water passes off with the 
urine, (tec, and by the longs and skiD. In 100 parts of water 
paseiog from the body, the longs gire oB by exhalation aboat 20 
parts: the skin, by perspiration, 30: the kidneys, with the nrioe, 46- 
the other 4 parts passing off with the fece:?, thereby rendering an 
almost conlinuooa supply of water necessary. 

Lime Pboephate is contained in al! animal and re^eiable 
foodii, and all animal solids and fluids of the iKidy hold it as a 
constituent element. In quantity it ranks next to water, and is 
present in greater (quantity than any other mineral salt, formiDg 
more than one-half of tbe substance of bone. It is not soluble in 
water, but is held in solniion in the blood by albuminous ^ubetancee. 
The lime pboephate imparta rigidity to' the solid tiseues, the stiff- 
ness or hardness of bones and teeth being due to its presence. It 
may be extracted by macerating bones in dilute muriatic acid, after 
which, while the organic material retains its form, the bones are 
however, capable of being flexed or twisted. The peculiarity of lime 
phosphate is its combination internally with animal matter of all 
kinds of tissues, similar to the manner in which the coloring matter 
unites with the other ingredients in colored glass, the lime phosphate 
still retaining its original character and composition. It in child- 
hood ossification does not properly proceed on account of ihe 
insuffic ency of lime phosphate, rhacbitis, or rickets, results, and 
the spine and bones become distorted. In adult life an insufficient 
etippiy of lime phosphate causes morbid sofiening of bones, termed 
oaUomalacia. In urine, lime phosphate is held in solution by acid 
bi-phospbate. Whenever urine is rendered alkaline by the ad- 
dition of soda or potassa, the earthy phosphates, of which lime 
phosphate is one, are precipitated in the form of a turbid white 
sediment. 

Lime Carbonate, like lime phosphate, is found in all animal 
solids and fluids, its proportion compared with lime phosphate 
being about one-seventh by weight. The carbonate is held in 
solution in fluids by virtue of the presence of alkaline chlorides 
fluch as the sodium and the potassium chlorides. 

Magnesium FhoBphate, like lime phosphate, is also obtained 
from food, and found in all the tissues and fluids of the body; a large 
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quantity existing in the muscles, and much more, comparalively, 
in the bruiti. 

The Alkaline Salts, such as carbonate of soda and potassa, 
are esBenlial to nutrition; yet, nnlike mineral salts, they are not 
usually introduced in their own form, but rather with fruits and 
vegetables containing aalta of poda and potassa, combined with 
various organic acids, such as citrates, malates, and tartrates, which 
are decomposed and become alkaline to animal secreted juices and 
fluids of the body, and may be increased by an exclusively vege- 
table, or le^ened by an exclusively anima), diet. Muscular fibre 
and animal tissue contain phosphates, while vegetable matter 
abounds in said organic acids, the latter, by decomposition in the 
system, producing carbonates of the same base. If the food be 
both animal and vegetable, the salts are then found to be in proper 
proportion. As already stated, alkaline salts are derived from 
food, and excreted with perepiration, mucus, and urine. An ani- 
mal diet increases the quantity of tissue-acid (a form of -lactic 
acid) in the system, and consequently more acid (though changed) 
is then found in the excretions. 

Sodium Chloride {table salt) is, next to lime phosphate, the 
moet abundant of all mineral constituents in animal tissues and 
fluids. It has the property of reg- 
ulating the phenomena of endos- 
mosis and exosoiosis, or the transu- 
dation of nutritive fluids through 
organic membranes. Salt excites 
the digestive fluids. Moderately 
need, it is absorbed in the aliment- 
ary canal, passes into the blood, 
-L ■ 4 .u .- . / CrvstalHaiil S„.Hu.ii Chloride. 

Ihen into the tissues, returns to 

the blood, and is finally discharged with the urine, mucus, and cu- 
laneous perspiration. Of the sodium chloride in the adult system 
Knore than ten per cent passes off daily, amounting to about fifteen 
pammes, or a little less than four draciims, of which about thir- 
teen grammes pass off with the urine and two with mucus and per- 
epiration, Sodium chloride is very important in nutrition. This, 
«ven the wise farmer knows, as is shown by his lilieral supply of 
common salt to catlie to improve their condition. It furnishes the 

principal chemical material for the production of the hydrochloric 

acid of the gastric juice. 
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Milk. — Nature provides the only perfect combination ol food 
elements, in the form of mother's milk, to sustain and nourish the 
infant. Milk contains all the important groups of nutritive sub- 
Btances, consisting of albuminous matter, casein, sugar, and ini 
gnnic salts, especially a large quantity of lime phosphate. The 
globules suspended in milk (Fig. 1) give it an opaque white coli 
As the casein and albumen are associated together, milk does not 
solidify by boiling, hut is covered by coagulated albumen, the 
jj casein remaining liquid. Any dilute acid precipitates the casein 

and curdles the milk. A moderately warm atmosphere transfer! 
the sugar in milk into lactic acid, or atmospheric electricity 
cause a similar change. 

Bread. — Bread is the most nutritious of all combinations 

vegetable matter. It is deficient in fat; hence, butter, fat, or soi 

U other form of oleaginous food is usually eaten with it. The 

of cereal grains, of which bread is made, contains starch, albumin- 
ous niatter, and mineral salts. Wheat is the best grain for bread, 
on account of its large proportion of albuminous (nitrogenous) 
matter. It contains also a peculiar adhesive or fibrinous substai 
called gluten. Oata, next to wheat, contains the largest proporti 
of albuminous matter. It contains also an indigestible vegetabi 
eub.stance, or cellulose; consequently, thorough boiling and strain- 
ing, to remove the cellulose, make it more digestible. Indian 
Corn is especially rich in fatty ingredients. Bice contains much 
Btarch, but very little albumen or fat. 

Meat. — The muscular Qesh of various animals is extreme 
nutritious as food for the human body, containing in every hundi 
parts about 78 of water, 15 of albuminous matter, 5 of fat, and 
of mineral salts. The minerals consist of sodium and potassii 
chloride and phosphate, lime and magnesium phosphate, 
loses, by any method of cooking, from 25 to 30 per cent of its weigl 
owing to the escape of water and liquefied fat, 

Eg:g:B. — The yelk of the egg contains in every 100 parts a1 
52 of water, 30 of fat, 16 of albuminous matter, and 2 of miner&l 
salts; the white of the egg contains in every ICO parts about 78 of 
water, 20 of albumen, and 2 of mineral salts. The mineral matter 
consists mainly of sodium and potassium chlorides, potassii 
sulphate, lime and magnesium phosphates. 

Of vegetable foods, some are valuable to the animal system 
account of their starchy and albuminous ingredients, others 
their saccharine and watery juices, while the green parts are doui 
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less tipeful because of the iron contained in iheir chlorophyll. 
The value to the system of any food siitislance depends upon 
the amount and rrquUite combination of the diffrrcnt pnrimate prin- 
ciplfa etmt'iined — hut not upon any one singly, even if taken in 
large quantities. The quantity and kind of food required daily 
varies with circumstances — such as the size and weight of the body; 
development of the muscular and other systems; temperature; and 
eepeciaily the amount of physical activity. More food is required 
in cold than in warm weather; more hy a. person of muscular than 
of adipose or phlegmatic constitution, and more in activity than in 
repose. Carljon and nitrogen are considered important constituents 
of efficiently nutritious food; carbon forming the most abundant 
and characteristic ingredient of all organic combinations, while 
nitrogen is the distinguishing element of albuminous substances, 
constituting one of the elements of all albuminoids, such as the 
alimentary digestive secretions. Of these two {carbon and nitro- 
gen), about seven ounces (or about 224 grammes) of carbon and 
five drachms (or about 20 grammes) of nitrogen are continually 
required to support the system of an adult. 

During sleep or fasting, some of the stored-up molecular energy 
constituting already formed tissues ie used in the economy; therefore, 
this energy has to be renewed by introducing nourishment into the 
system; otherwise, the vitality required to keep up organic functions 
would soon diminish, and the organism begin to emaciate. On the 
cither band, if more energy than the system absolutely requires is 
supplied, then, from its superabundance the organism is in some 
^ay or other thrown out of order. This happens when tood ia in- 
troduced with which either certain organs or the entire system is 
already saturated, for then the functions of the organs become 
deranged. 

The Amyloid Compounds, euch as glucose, glycogen, and 
dextrose, differ from protein compounds by containing neither 
nitrogen nor sulphur. 
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The mnet active principles in the liquids and solids of the body I 
are the albuminoids, viz.: 

Flaida — Caaein, ptyalin, pepsin, pancreatin, mucosin, and | 
myosin. I 

Solids — CoUapen, cliondrin, elasticin, and keratin. I 

In Coloring Matter — Hemoglobin, melanin, bilirubin, biU-I 
verdin, uroobrom, and chlorophyll. 

Casein is the principal nutritive substance in milk. When eolid- 1 
ified it forma cheese. Boiling does not coagulate it, but dilute 1 
acids and magnesium sulphate do. Casein, when subjected to a 
highly acid condition of the gastric juice, or at a high tempera- 
ture, coagulatea. Milk, therefore, is not a proper article of diet 
when the stomach ia abnormally acid. 

Ptyalin is the principal active agent in saliva. It at^mente 
the stimulation for increased secretion of saliva, which conrerto 
hydra ted or moist boiled starch into glucose. The daily secretion J 
of saliva in an adult is about 40 duid ounces. 

Fepeln is the principal constituent of the gastric juice. It is 1 
secreted by the glandular follicles of the stomach to aid digestion, f 
About fifteen parts of pepsin are found in one thousand parts otl 
the juice. During digestion the pepsin converts the albuminous 1 
(nitrogenous) matter into peptones. The daily secretion of gaatrloa 
juice by an adult is about six pints. ( Vide Digestion.) 

Pancreatin is the characteristic active ingredient of the pan*-! 
creatic juice. Its proportion is about ninety parts of pancreatiaf 
in every thousand parts of juice. The amount of the daily secre-l 
tion of juice by an adult is about ten ounces. The physiological] 
property of the alkaline pancreatic juice ia to emulsify and partly 
saponify fatty matter and to neutralize the fatty or oily acida. The 
juice has also the power of converting starch into glucose, even 
more so than saliva. 

Mucosin, or Mucin, is a viscid, thick, glutinous conBtitaent 
of mucua. It tdvea to mucua ite glutinoua conBtatencT. 
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a variety of secretions called mucus that have the peculiar phya- 
ical character of viscidity, keeping the membranes moist, thua en- 
abling them the better to perform their functions. 

Uyosin is the contractile substance of muscular fibres. After 
death it coagulutes; then the muscle lo^es its contractility and as- 
sumes a cadaverous rigidity. Cold retards its coagulation. It is 
completely soluble in dilute acids and alkalies; on this account 
abnormally increased acidity or alkalinity of the system produces 

Collagen forms the homogeneous interstitial mass of bones, 
periosteum, tendons, ligaments, faecite, and connective tissue. 
When boiled it produces gelatine or glue. One part of collagen is 
precipitated in 5000 parts of water if tannic acid be mixed with it. 
Tannic acid hardens the collagen of the fibrous tissues in hides. 
They then become less permeable to water and almost incapable 
of putrefaction — leather. 

Chondrin is the organic basis of cartilage. It is jelly-like in 
consistency. 

EUasticln is the homogeneous material of tissues. It is found, 
for eicample, in the middle coat of the larger arteries, elastic liga- 
ments of the spinal column, liganientnm nuchs, and all other yel- 
low elastic structures. 

Keratin is the resisting and indestructible substance of the 
liair, nails, epidermic scales, feathers, and all horny tissues. Sul- 
phur is one of its constituents. 

The Coloring Matters are all albuminoid compounds.. The 
Ted coloring matter (hiemoglobin) is the most abundant, being the 
agent by which oxygen is absorbed in the lungs, taken up by the 
blood, and distributed in the organism. Animal coloring matters 
are found in the blood, in the blackish-brown solid tissues, bile, 
and urine. 

Heemoglobln is the coloring matter of the red blood-corpus- 
cles, constituting about 90 per cent of their bulk. It is a powerful 
absorbent of oxygen, retaining it in loose combination; it conlains 
about 0.42 per cent of iron, derived from vegetable and animal 
foods. 

Melanin is the dark coloring matter of tissues, found in the 
choroid coat of the eyeball, in the rete MalpighU of the skin, in the 
hair, and is more abundant in black and brown colored people, 
producing different grades of color according to ita proportion in 
the tissue. 

Bilirubin is the reddish-yellow or orange coloring matter oj 
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the bile. It is formed in the auhatanc.e of the liver from the hie 
globin of the red blood-corpuscles dissolved in the spleen. 
Spleen.) 

Biliverdin is formed partly by transformation from biliratij! 
and partly from chlorophyll. It is the green coloring matter of b 
When animals feed on green vegetables the coloring matter i 
their bile is extremely green. 

TTrochrom is the coloring matter of urine. Fresh, norm 
urine has a light-yellow or amber color. 

Chlorophyll is an alkaloid constituting the green coloring 
matter of plants. It is produced in the vegetable cells. If defi- 
cient in plants they grow up blanched, or in a chlorotic condition. 
Its essential substance seems to be iron. The entire process of veg- 
etation, production and accumulation of organic material in the 
form of starch, Bugar, cellulose, woody fibre, and the substance of „ 
vegetable tissues, is inseparably dependent on the presence ^ 
chlorophyll. Its function is not that of a simple chemical reag( 
but of an active constituent^ its presence being just as eesential | 
the presence of air, sunlight, warmth, and moisture to the livi 
vegetable organism. 

Urea is a colorless substance, with a neutral reaction, E>olub}» 
in water, and crystallizing in four-sided prisms. It forms the prin- 
cipal solid constituent of urine. Formerly, it was regarded as an 
organic base or albuminoid of animal origin; though of late it is 
placed amongst the amides, and termed carbonic oxide, carbonyl, 
or amide of carbonic acid. It is found not only in urine, but in 
such excreted fluids as perspiration and tears. That urea, as such, 
exists normally in the blood and tissues, must remain a matter of 
doubt. It ia an established fact that some persons, when eating 
meat in sufficient quantities, have excreted as much as 1540 grains . 
of urea in twenty-four hours, yet apparently enjoyed perfect beattfa 
Now, if, within a period of twenty-tour hours, this amount of i 
existed already formed in the blood and tissues, il would pois 
the person and produce unconsciousness. Hence, we are i 
Btrained to conclude that urea is completely formed only by t 
organs of exit. The btood, lymph, and tissues contain urea el* 
ments. They are secreted and urea completely formed by the cells 
of the uriniferous tubules of the kidneys, and by the sudoriparous 
cells of the skin, and are by these organs (kidneys and skin) e 
creted. When some of the excretory channels are in a defectjj 
condition, the ready formed urea is easily reabsorbed by ' 
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capillary %'ein8 and capillary lymphatics, and it may then be 
carried to any part of the body, and be found in the blood, lymph, 
and tisBuea. Urea constitutes about 26 parts in each one thousand 
parts of urine. About sixteen parts of urea may be found in each 
hundred thousand parts of blood. About 33 grammes (nearly 500 
grains) per day are excreted by an adult. A larger quantity is 
produced during waking than sleeping hours {accounted for prob- 
ably by the action of both the nutritive and digestive functions), 
and more is produced in the later than in the earlier part of the 
day — mostly discharged from 6 to 10 p. M. The quantity excreted 
varies in proportion to the amount of albuminous and starchy 
matter in the food. As urea is now placed amongst the amides,etarch 
must, consequently, contribute some elements to its formation. 
Urea is increased by a diet of animal food, also by unusual mus- 
cular exertion, diminished by vegetable food, and reduced to its 
minimum by a diet of non- nitrogenous matter, such as sugar and 
fat. It is not dependent solely on food, however, but ia partly de- 
rived from the metamorphosis of the tissues of the body, as 
some urea ie discharged even when no food is taken. ( Vide Urine.) 

TJHc Acid is next in importance to urea, and is found in urine. 
It is a colorless, cryatallizable substance, soluble in either cold or 
hot water, and, like urea, formed in the organs of exit, either from 
substances not properly formed into urea, or from elements arising 
from the metamorphosis of albuminous and amyloid substances 
of the food and of the ready formed tissues of the body. Its 
principal bases are acid urates of aodium and potassium, the so- 
dium urate predominating. Animals nourished principally by 
vegetable food excrete more uric acid than urea, while those sub- 
Btsting mainly on albuminous (nitrogenous) diet excrete less uric 
acid but more urea. The quantity excreted by a human adult is 
about from aix to nine grains in twenty-four hours, or in the pro- 
portion of one of uric acid to forty-five of urea. Urinary gravel 
and calculi are often composed of uric acid. 

Urine, on account of the great quantity of salts contained there- 
in, is not absorbed from the bladder, as strong salt liquids are not 
osmotic. Bathing in fresh water relieves thirst, but bathing in 
strong salt water does not. 
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THE MUCOUS MEMBRANE AND EPITHELIUM. 

It may possibly be considered a new or unusual thing to dd 
vote a chapter to a cnaelderation of the construction and fuiictic| 
of the mucous membrane and epithelium; but pro novo hoi 
ico, it will doubtlees be well to call attention to the fact that, phjS 
siologically, there is no organ of such fundamental, vital impor- 
tance to the nouriehment of the human body as a healthy mucous 
membrane; for there are very few pathological conditiotiB in which 
it is not primarily, or becomes secondarily, involved; and, when 
defective, it exerta an important influence in retarding the proper 
nourishment of certain parte, or of the entire system. If more 
attention were paid to the condition of the mucous membrane, 
especially of the lower portion of the oesophagus, and of the stom- 
ach, and to their abnormal acidities, many cases of starvation 
would be prevented, and death certificates signed "phthisis," 
"consumption," would be considerably reduced in number. Thi 
abnormal acidity is always the cause of digestive disturbance d 
not be inferred, as many vital pathological conditions of near ( 
remote parts may also produce digestive derangement; but referent 
is made to abnormal acidity eimply to indicate the necessity of b 
ginning observations at the foundation — the mucous membrane. 
In nine cases out of ten the trouble will be found there; for the 
mucous membrane of the lower portion of the (esophagus, from 
the diaphragmatic cesophageal oiiening to the cardiac orifice, is 
the first severely affected by the ingesta, be that solid or fiuid, hot 
or cold, exciting, depressing, irritating, or inflaming, distendii^ 
or contracting, wholesome or harmful. That these influences m»^~ 
easily produce an abnormal secretion of acid for the gastric ju: 
must be seen at a glance. Again, there can 1« no doubt 
ptomaines (alkaloids derived from dead animal tissues or deoomp< 
ing proteids) exert their influence to a much wider extent in patl 
logical conditions than is at present suspected. In no tissue of t 
body are ptomaines developed so favorably as in the mucous o 
brane, ae it is very delicate, easily degenerates (though it rapidly fl 
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f«ir6, generally), and is in direct contact with the atmosphere and 
its animalculir, which find in the ptomaine, or detective or dead 
parts of the mucous membrane, a most favorable soil to multiply. 
and especially to develop saprophyta or pathogenytes. When a pto- 
maine is once developed, its nninialcula! product is easily absorbed 
and carried by the lymph and blood to a distant organ, which then 
suSers. The lung is continually active in extending and contract- 
ing, and is very delicate in structure, which no doubt accounts for 
its being aHected in by far the greater number of all diseases; and 
it is not difficult to comprehend that the primary cause of pulmon- 
ary tuberculosis is found in a mucous membrane, be that the 
Schneiderian, respiratory, geni to- urinary, or alimentary — especially 
the latter, from whence the lungs may become subsequently aSected. 

Mucous Membrane. — In structure the mucous membranes 
are soft, spongy, and velvety; well supplied with blood-vessels, lym- 
phatics, nerves, follicles, and minute glands imbedded in their 
fibrous and submucous tissues. The outer layer of the mucous 
membrane has a free eurface formed of epithelial cells, resting on 
a thin, transparent, homogeneous layer, termed basement mem- 
brane, beneath which is a Btratum, or layer, of fibrous (issue adher- 
ing to the submucous structure, and well interwoven with vascular 
tissue (Figs. 8 and 13). They include the linings of all internal 
passages that communicate externally with the skin, such as at the 
nose, eyes, ears, alimentary, respiratory, and genito-urinary; but 
never form completely closed saca as do the serous membranes. 
The mucous membranes are also very sensitive and irritable. Their 
cells secrete mucue, consisting of mucosin (mucin), water, and 
alkaline salts, such as potassium, soda, and lime phosphates, 
keeping the membrane moist so as to better perform its functions. 
Mucus is peculiarly viscid, translucent, thickly glutinous, differing 
somewhat in consistency in different parts of the mucous mem- 
brane, the surface of which it covers. Normally, it is of thicker 
consistency than the fluid of serous membranes. According to lo- 
cation, the surface of the mucous membrane is either in the form 
of villi, projecting papilla!, or depressions; the latter being in the 
form of ducts of either follicles or glands (Figs. 8 and 13). In 
the stomach, uterus, and bladder the submucous tissue forms a 
distensible layer, ao as to permit of considerable extension without 
injury. In contraction of these organs the mucous membrane is 
thrown into folds. 

The mucous membrane of the alimentary canal commences at 
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the lips nnd ends at the anus; its glands and follicles furLishingtlie J 
true digeBtive Bccretions for the reduction of food, while the villi j 
absorb the nutrient materials thus reduced to a liquid. The sali- ] 
vary glands furnish saliva; the lower portion of the cesophagus the I 
acid, and the gastric follicles the pepsin of the gastric juice; the ] 
glands and follicles of the small intestine the intestinal secretions; | 
while the membrane of the large intestine also absorbs fluid sub- 
etanccs, and constitutes an outlet, that emits not only the indigest- 
ible residue of food, but its numerous minute excretory follicles, i 
lined with epithelial cells, separate products from the blood that | 
must be excreted to prevent disease. ( Vide chapters on Digestioni [ 
Secretion and Excretion.) 

The mucous membrane of the nostrils extends through the lach- I 
rymal duct, forming a junction with that of the eye. In the vault 1 
of the pharynx it continues the lining of the Eustachian tube and J 
wall of the cavity of the tympanum (middle ear); while in the 1 
pharynx it continues as the pharyngeal mucous membrane to the 1 
alimentary tract. 

Through the alimentary and respiratory mucous membrane the 
elementary nutritious materials are absorbed for the body. The 
cells of the secreting follicles and glands of the alimentary mucous 
membrane produce the various digestive fluids; and, that the nu- 
tritive materials may be of benefit to the system, they are absorbed J 
by absorbent vessels in the membrane and conveyed into the blood I 
circulation. 

The respiratory mucous membrane lines the larynx and trachea, .J 
and extends to the bronchial tubules. Each tubule is about l-60tb I 
of an inch in diameter. From this situation on, the membrane is ] 
very delicate, and continues to the pulmonary alveoli (air-cells), 
and serves for the absorption of oxygen and the exhalation of car- i 
bonic acid gas, as well as for keeping the air passages moist with a J 
layer of mucus, protecting the membrane from irritation. If congee- J 
tion exists, as in a. certain stage of bronchitis, this mucus secretioa n 
is at first diminished and afterward increased. It is also increased 
by administering either apomorphine, ipecac, emetine, or pilocar- 
pine, while it is diminished by belladonna (atropia) and opium 
(morphia). In expelling copious secretions from the bronchial J 
tulio?, expectorants may operate in one of two ways— either byl 
local sliniuli to the bronchial or gastro-cesophagoal mucou 
brane, forwarding an increased afferent stimulus to the medal1a>l 
oblongata, which sends a reflex impulse correspondingly tlirougtefl 
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the phrenic and intercostal nervea to the respiratory muscles, effect- 
iog fori/ible expectoration (mechanical), such as results from ad- 
ministering ipecacuanha or lobelia; or by means which change the 
MtcretioQ at the same time, as apomorphine, pilocarpine, or emet- 
ine. This change of secretion is materially assisted by warm drinks 
or moist Inhalations. ( Vide chapter nn Respiration.) 

The genito-urinary mucous membrane begins at the genito-urin- 
ftry orifices, and lines the urethra, bladder, ureters, pelvis of the 
kidneys, vagina, uterus, and Fallopian tubes. 

The moment any mucous membrane becomes much congested 
and inflamed, the intercellular epithelial spaces become blocked 
and the mucus-secreting cells beneath restrained in activity, while 
the epithelial celts lining the membrane and ducts are much more 
active, but deprived of their protector (the mucus); consequently, 
their secretion becomes abnormally increased and acid. The epi- 
thelial cells and glands of the lower portion of the ceaophagus are 
very numerous, and placed in ring-like arrangements above and 
around the inner surface of the cardiac orifice; which, l>eing habit- 
ually closed, retains the food raore or less in that portion; so that 
when food is introduced, especially of a solid, irritating nature, or 
difficult of digestion, these cells and glands become very active; the 
congestion of the membrane is abnormally severe, and the acid se- 
cretion is increased. Every one must have experienced, after the 
introduction of such food, the excessive sourness of the digestive 
process. This process of vital tissue acid secret. on (a form of lactic 
acid, and the only acid normally formed primarily,) also applies 
to the stomach, where the lactic acid becomes generally changed into 
hydrochloric acid. The acid secretion of the lower portion of the 
(esophagus, and of the stomach, though in the latter in a less degree, 
takes place normally when food of more or Ices difficult digestion 
is taken; but when it occurs in the small intestine it is entirely ah* 
normal, and gives rise to a pathological condition. 

Next in order, as a suffering organ, is the stomach. When its 
mucous membrane is continually irritated, the mucus secretion 
becomes diminished; c^insequently, its natural protector, the alka- 
line mucus, is wanting, and the membrane softens. The acid secret- 
ed has then full play, not only on the ingesta, but also on the cells 
of the membrane that produced the acid. Now, any alcoholic 
drink, sugar, or food prepared from pure starch, which becomes 
changed during digestion into sugar, or any other solvent or irri- 
tant to said membrane, increases the acid secretion and softening; 
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and, if continued, there can be no otber termination than indiges- 
tion, diminished absorption, and starvation of the body. 

That the stomach normally secretes very little or no acid, was ob- 
served in 1834 by Eberle— "that by maceration of gastric mucous 
membrane in acidulated liquid, an artificial gastric juice is ob- 
tained." This shows tbal ibe pepsin is in the gastric membrane 
(some of the pepsin being retained, possibly, in the gastric follicles), 
but the acid has lo be added. Physiologically, the function of the 
lower portion of the oesophagus is important, as it secretes nor- 
mally the acid for the gastric juice; but when the acid secretion is 
abnormally increased, it exerts a powerful influence in reference to 1 
indigestion, diarrhcea, anemia, inanition, and consumption. {Vid^ I 
chapters on Secretion, and Digestion.) 

Endotlieliuin. consists of one or more thin layers of cells, des*] 
titute of blood-veseele and nerves. It forms the lining of internal 1 
closed cavities. Its free surface (examples of which are found in 1 
the membrane of the cavities of the brain, of the central canal I 
of the spinal cord, of the interior of lymphatics, blood-vessels, I 
serous, cardiac and synovial cavities, and the membranous labyrinth I 
of the internal ear) is not exposed directly lo the air. The endo- I 
thelium of these structures consists of flattened, irregular aquamoUB I 
cells, adjusted to each other closely, and so presenting a smooth.! 
surface. 

Epithelium consists of one or more thin layers of cells cement* I 
ed together by a clear albuminous intercellular substance. Ifcl 
covers the entire free surface of the body and internal open passages, f 
and such organs as the liver, kidneys, lips, etc. A free surface is a I 
structure not blended with, nor attached to, adjacent structures, but I 
is free, or separable from them without the necessity of dissection. I 
Epithelium covers not only the entire external surface of the* 
body, as the epidermis of the skin and its appendages (the naila 
and hair); but also the lips, membrane of the nose, and mouth; 
and continues over the entire mucous membranes of the internal 
open passages, such as the respiratory, alimentary, gen ito-nri nary j 
the lining membranes of ducts of secreting follicles and glands, the 
membrane of the anus, external auditory canal, and of the tym- 
panum, or middle ear. " 

Epithelial Cells are of various shapes, and may be classified 
into five varieties — ciliated, columnar, squamous, glandular, i 
transitional. Each class of cells has a special function to perfon 
in the economy, though all terve one purpose in common; vi»., 1 
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protect the surface of the respective memliranee which they cover. 
This function ib assisted by secreting cells lying beneath and partly 
between the epithelial cells, and secretee more or less moisture 
over the epithelium. Thus, the cells underneath seem to appreciate 
the kindness of their protectors, so that when the epithelium be- 
comes irritated or inflamed, especially that of the mucous mem- 
brane, the mucus- secreting cells immediately increase their activity 
by furnishing an increase of mucus, which passes by exosmosis 
through the albuminous intercellular epithelial substance to the 
surface of the membrane for its protection. This view seems more 
tenable than that which holds the mucus secretion to be a gradual 
diesolution of the outermost epithelial cells. The principal con- 
Btituent of mucus ia mucosin, one-eighth of which is nitrogen. By 
the mucosin, nitrogen ia considerably eliminated from the blood, 
which may explain the anaemic condition of persons having a de- 
fective mucous membrane or insuflUciency of mucus secretion, nitro- 
gen being, in this case, insufficiently eliminated. 

The Ciliated variety (A, Fig. 3) consists of columnar cells (1) 
internally pointed, each cell containing a nucleus (3), On the sur- 




A — 1, Ciliated columnar epilbelial cells. 2, Cilio. 3, Xucleua. 

4, Young cella. 5, Elastic bosemeDt membrSinciUB and fibrous tiseue. 

B — Columnar epithelial cells. 1, Club ahaped. 2, lis nucleus. 

face of the mucous membrane these cells have projecting cilia (2) 
of about l-3000th of an inch in length, which vibrate about 700 
limes per minute in the fluid which moistens the surface of the 
membrane, thereby propelling the mucus or other minute particles 
towards the orifice of the cavity or tube of the membrane which 
they line. These cells are found on the mucous membrane lining 
the nose (except the olfactory portion), lachrymal ducts, Eusta- 
chian tubes, tympanum, larynx, pharynx (excepting the vocal 
chords), trachea, bronchial tubes, uterus. Fallopian tubes, and vasa 
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efferentia. Each cell may have from ten to thirty cilia, placed at 1 
regular distanceB. 

The Columnar variety (B, Fig. 3) coneistB of cylindrical col- 
umns or club-shaped nucleated cells (1), about l-500lh of an inch 
in length, placed side by side perpendicularly. They are found on 
the mucous membrane lining the alimentary canal from the dia- 
phragmatic cesophageal opening to the anus, secreting foUiclee, and 
ducts of secreting glands, gall-bladder, and the urethra. Sometime?, 
near the surface of the mucous membrane, the upper end of these 
cells are distended, forming the Goblet Cells (A, A, Fig. 4). 

The Squamous variety of cells (1, Fig.4) is a flat thin platewith 
an oval nucleus, differing in shape and size in different localities. 
These cells are found on the epidermis, hair, nails, internal lining 
of the arteries, veins, capillaries, lymphatic vessels, acini of the 
lungs, aqueous chambers of the eye, uriniferous tubules of the kid- 
neys, and on the serous membranes (pleura, pericardium, and peri- 
toneum). The T^sellated epithelium consists of nucleated Hat- 
Fig. 4. 
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D, Columnar ani gollet ep thel al cella A \ Goblet cells are 
Bitnplj d stunded Columnar ells (B) 

tened scales from 1-lOOOth to l-600th of an inch in diameter (2, Fig. 
4). They are like the squamous, but considerably larger, and ' 
scattered among them. They are found in nearly all localities 
mentioned with the squamous; and also on the mucous lining of 
the mouth, pharynx, oesophagus, vestibular entrance to the nose, 
conjunctiva, entrances to the urethra and vagina, and the greater J 
portion of the epidermis. 

The Olandular epithelial layer (E, Fig. 5) consists of nucle- . 
ated cells. They are found in the acini of the various Eccreting,! 
glands, and in the convoluted uriniferous tubes of the kidnejrs.'fl 
These cells separate from the blood the materials out of whicl 
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they produce or secrete the different fluids, follicular and gland- 
ular juices. 

The Transitional epithelial cells (H, Fig. 5) occur in many 
different shapes, sizes, and localities, all having a flattened Gurface, 
and some a rounded extremity. These cella aro found on the mu- 
cous membrane of the bladder, pelvis of the kidney, and ureter; 
they are often intermixed with the columnar epithelial cells, as in 
the larynx and pharynx. 

All varieties of epithelial cells are, aa a rule, arranged in layers, 
or Blrata, The cells next to the surface have a tendency to be 
shed, and their place is then taken by the cella of the deeper lay- 
ers, which become modified in form as they approach the surface. 
The cells of glands, also, are constantly cast off; yet each gland 
maintains its form and proper composition, and for every cell 
Fig. 5. 




£, Glandular epithelial cells. H, Tranaitional epithelial celle, 
thrown off a new one is produced. The epidermis furnishes a good 
example, the surface cells thereof be constantly thrown off by those 
newly formed beneath. ( I'lde chapters on Secretion, Absorption, 
Digestion, and the Skin,} 
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The Digestive Organs include the mouth, stomach, and email 
intestines; the Digestive Apparatus, however, may be said to I 
include the mouth, cesophagus, stomach, small inteetines, liver, and i 
pancreas. Each one of these organs secretes a particular digestive 
juice differing from the others (the (esophagus secretes a liquid \ 
acid), each secretion performing its particular work in the process 
of digestion. 

Digestion is the process of reducing the materials of the food 
to a semi-fluid form, filling it for absorption into the circulation 
and for assimilation. It is partly a mechanical process (mastica- 
tion), and partly a chemical process (solution and transformation 
by the juices). Food is composed of organic and inorganic sub- 
Stances, and to be of use in the economy must be assimilated. 
Animal life, unlike vegetable, requires material that has already 
been organized, and which must be digested before it can be taken 
up by the absorbent vessels. Some of the digested, or liquefied, 
food is then carried into the circulation; the remainder is dis- 
charged as feces. 

The Alimentary Canal is the passage through the body from 
the mouth to the anus, and is divided into several compartments 
by narrow constrictions (guards), through which the compartments 
communicate with each other. The mouth is guarded by the valve 
of the isthmus of the fauces; the oesophagus is guarded at the car- 
diac and the stomach at the pyloric orifice. Then follows the 
email intestine, about twenty-five leet in length in the adult. An- 
atomically and physiologically, the small intestine is subdivided 
into three parts; viz., the duodenum, jejunum, and ileum. In the 
duodenum are the orifices of the biliary and pancreatic ducts; at 
the end of the ileum is the guard termed ileo-ciecal valve; then fol- 
lows the large intestine, which is guarded by the sigmoid flexure; I 
then passes on and terminates at the anus, guarded by a double 
iphincter muscle. The ileo-ciBcal valve allows fecal matter, or that 
s not been appropriated by the system, to pass from the i 
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small into the large inteBtine; bo that in the normal state no regur- 
gitation o! the ingesta from the large to the small intestine occurs. 
The large int«stine (colon) is about five feet in length in the adult. 
Its contentfl differ much from those of the small intestine, especially 
in being more solid. In passing towards the exit the contents become 
more eolid, in consequence of the absorption of the fluid by the 
mucous membrane. The vermiform appendix (8, Fig, 6), below the 
ileo-cffical valve, may possibly serve as a large eecreling follicle to 
lubricate the acute curve at the 
valve with a large quantity of an 
alkaline secretion. When the al- 
kaline secretion of the Ileum is 
deficient and acidity occurs — caus- 
ed especially by irritating food, 
and certain kinds of fruit— -great 
pain results; but the alkaline se- 
cretion of this appendix may sub- 
due the irritation and pain, by neu- 
tralizing the acidity. 

The Stomach(3,Fig.6) consists 
of four different lissue layers— mu- 
cous, submucous (fibrous), muscu- 
lar, and serous { Fig, 13 ). The serous 
is the most external, the mucous the 
most internal, the other two being 
situated between them. The wall 
of the stomach averages about a 
line, orM2th of an inch, in thick- 
ness. Its muscular layer is about 
one-half of the thickness of the wall, 
and its fibres are arranged in three 
Bets — ^the longitudinal, externaWy; Diagram of Alimentary Canal 




the obfi^uf, internally; and the 
cular, between. When the stomach 
is disK^'uded tol2or 15 inches later- 
ally and about five a ntero- posteri- 
orly, it has a capacity of about four '■. ^"'"^T" ?■' '"'•"""'Z "P^"' 
r. . ^^ , . dix. 9, Ascending colon. 10, Trana- 

or five pints. Ihe stomach is sup- 
plied with blood-vessels, lymnhat- 
ics, nerves, and secreting follicles 
the latter consisting of tubes set I*" "* chest-wall. 15, Spleen. 



from CEsophagus to Anus. 

1, (Esoph^UB, 2, Diaphragm. 
3, Stomach. 4, Duodenum. 5, 
Small inteat me. 6, Ileo-ctecalvalve. 
Ciucum. 8, Vermiform appen- 



lecolon. 11, Descending colon. 
'., bi^uioid flexure. 13, Rectum. 
14, Diaphragm attached to lower 
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cloeely together transversely in the mucous membrane. The fol- 
licles (A, A, Fig. 13) are from about l-60th to l-30tJi of an inch 
in length, and terminate in blind extremities in the wall of the 
etomach. The mouths nf the ducts of these follicles are from 
l-500th to l-300th of an inch in diameter, and open on the sur- 
face of the mucous membrane, in the interspaces between its 
projecting folds. The wall of each follicle ia provided with co- 
lumnar epithelial secreting cells (D), ovoid in shape, each about 
l-1200th of an inch in diameter. The surface of the mucous 
membrane is covered with a layer of transparent columnar epithelialJ 
cells (E), which secrete a thick, tenacious, alkaline mucus, for thfll 
protectionof the mucous membrane of the stomach. The cells secret- 1 
ing the mucus of the membrane are active even during fasting; 
while the cells of the gastric follicles secreting the pepsin are active 
only when food or a foreign substance enters the stomach. Theetim-_ 
ulus for the secretion of pepsin and for the peristaltic uctivity of th< 
stomach is due to the sensation of touch caused by the presence o 
the ingesta. As all external sensations (as will be noticed i 
the chapter on the Senses) require for their activity a combinatioi^ 
of three distinct but associated organs — viz., the periphei 
(or cells) of sensation, a nerve fibre or fibres, and a nervous cen-1 
tre (or cells) — so it is in regard to the sensation of touch in the 
stomach. Thepresenceof ingesta causes the sensation in thestomacbf 
inducing a powerful stimulus, which is carried through afferent 
fibres of the pneumogastric nerve to the medulla oblongata, whicl 
reflects the stimulus by sending a vaso-motor impulse through t 
efferent fibres of the splanchnic nerve, passing through the gastric^ 
plexus and entering the wall of the stomach. The efferent (vaso- 
motor) fibres induce dilatation of the capillary vessels, so that the 
secreting cells of the gastric follicles in the wall of the stomach 
receive abundant material for the secretion of the pepsin of the gat 
trie juice. The acid of the gastric juice is not secreted by the c 
of the gastric (olliclea, ( Vide Gastric Juice.) The efferent im*^ 
pulse to the cells of the muscular fibres of the stomach causes them 
to become very active, at the same time inducing the peristaltic 
action — effected by the peculiar arrangement of the lonf/iludinal, 
obtiqvf, and circular layers of the muscular fibres. The peristal- 
tic action of the aiomach is essential to digestion, bringing all the 
food in contact with the gastric juice, causing intimate mixture 
and solution of the food. 
Digestion of Food is effected by mastication and solutloi^ 
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th« latter Iwng brought about partly by the saliva and partly by 
the digestive juices in the alimentary canal. UaiBtication by the 
mouth ie essential before the food is properly fit for the dissolving 
changes during the digestive proces^s, not only on account of the 
physically fine reduction and solution of the materials, but also 
on account of the action of the saliva, termed insalivalion, which 
is of a chemical nature, acting on the insoluble starch of food and 
converting it into soluble glucose (grajw sugar). The active prin- 
ciple ejecting this chemical change is the ptynlin of the saliva. 
Raw starch is indigestible by the human stomach, and often passes 
unchanged from the Iwwels; but when thoroughly hydrated it is 
easily acted on, and transformed by the saliva and pancreatic juice 
into glucose. It is for this reason, also, that starchy vegetables 
require thorough solution by cooking to render them digestible. 
Sago, tapioca, and arrow-root are composed of starch almost entirely ; 
wheat contains 70 per cent, and rice DO. Peas, beans, chestnuts, 
acorns, rye, oats, and potatoes also contain considerable starch. 
Norma] gastric juice does not change starch into glucose; neither 
can the saliva accomplish this change in the stomach, on account 
of the acid of the juice; but the action of moisture, heat, and acid 
dissolves the starch and separatee the dextrin, which is isomeric 
with glucose, and is like gum arable, sticky and adhesive. During 
digestion the dextrin is dissolved into dextrose, which is similar to 
glucose in that it polarizes light to the right, but it has not the sig- 
nificance of glucose in digestion nor in nutritive properties. The 
movements of the stomach during digestion are like the process of 
kneading. The food is moved toward the left of the stomach into its 
great pouch, then downward, and along its greater curvature to the 
pyloric portion, and finally carried to and fro to every part of the 
organ and mixed with the gastric juict^. The product of the solu- 
tion and disintegration of the food substances in the stomach is 
termed chyme. The normal secretion of the mucous membrane 
of the empty stomach is alkaline. ( Vide chapter on Mucous Mem- 
brane.) The stimulus of food promotes the activity of the cells 
of the folliclec and the consequent secretion of the normal pepsin 
of the digestive gastric juice. ( Vide Fig. 13.) If the action be to*. 
prolonged, however, the cells Income exhausted, and any excess of 
tood must remain undigested and pass into the intestine in a cru<Io 
state, causing irritation and acidity until expelled. In disease, the 
normal stimulus by the food and the normal functions of the se- 
creting cells are more or less impaired, consequently there is no 
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desire for food. If food is taken then, it does not etiniolate the cellB 
to the secretion of gastric juice, but remains undigested, adding 
irritation to the other morbid conditions. The secretion of gastric 
juice is influenced by, though not dependent on, nervous agency. 
Strong mental disturbance, unusual fatigue, also febrile conditions, 
interfere with the digeslive process — possibly by weakening the 
stimulation on the gastric membrane and the reflex action of the J 
nervous centre cells; hence, there are no, or only impaired, TOso-fl 
motor impulses. Gastric digestion consists in a dissolution o{ thi 
food by the gastric juice, the action of this juice being assisted bj^l 
the peristaltic movements of the stomach. A temperature of from V 
98.5° to 100° F. is required for the perfect action of the juice; henc^ 1 
cold and iced substances taken to excess depress the temperature otM 
the stomach and are injurious. Moderate exercise before and rest I 
after a meal facilitates digestion. As soon as the gastric contents { 
pass into the duodenum, the action of the pepsin and the acidity of 
the chyme suddenly cease on account of the action of the bile pre- 
cipitating the pepsin, and the alkaline pancreatic and intestinal 
juices neutralizing the acid. The bile and the alkaline secretiona J 
then further act upon, dissolve, and disintegrate the peptones and j 
other ingredients of the chyme, transforming it into chyle. In " 
that manner the peptones become real albuminose, iibrinose, and 
globulose, which, when absorbed by the lacteals, become albumenj 
fibrin, and other essential material of the circulating blood. It is 
by the digestive processes that the food substances are dissolved and J 
the chemical atoms and molecules lilwrated and enabled to form I 
new compounds in the economy. The nutritive substances enter I 
the blood -circulation, and the cells of the secreting follicles ana<l 
glands secrete from the blood the many different active principles: f 
the albuminoids, or so-called prolehls, of sohds and fluids — suclil 
as hajmoglobin, casein, ptyalin, pepsin, pancreatin, mucosin, my 
sin, melanin, collagen, chondrin, elasticin, and keratin. Again, t 
liberated atoms and molecules of properly digested food furnish alsc 
the material for the construction and formation of the many diffei 
ent tissues. These facts indicate that it is of vital importance to t 
economy that the food taken be always properly masticated i 
digested. 

Food in its passage through the alimentary canal is acted uj 
by at least five different secretions; viz., saliva, gastric juice, bila 
pancreatic and intestinal juices, which produce successively not 
unly simple solutions, but aho more or less transforxDatiosB of i 
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lood into new substances. The products are then ahsorbed, eome 
by tbe capillary veins, others by the lacteals of the small intestine, 
and become mingled with the hlood; the indigestible eubstances 
paaa through the ciecnl valve into the large intestine, and are finally 
expelled with the feces. { Vide chapter on Absorbent and Lymph- 
atic System. ) 

Gastric Juice. — The cells of the mucous membrane of the 
lower p<->rtion of the (psophagus and at the region of the cardiac 
orifice of the stomach secrete principally the add, which is a result 
of the irritation of the part. This acid may be called a vital tiasve 
acid. It is similar in composition to lactic acid. Through the 
sodium chloride of food, heat, and the moisture of the stomach, this 
acid is generally changed into hydrochloric acid; but, when milk 
or starchy food only is taken, the acid remains lactic acid, instead 
of being transformed into hydrochloric. The cells in the walls of 
the follicles of the mucous membrane of the stomach secrete from 
the blood of the arterial capillaries an albuminoid (proteid) termed 
pepsin. This is the characteristic active principle of the gastric 
juice. It requires for its action, however, the presence of a free acid, 
either hydrochloric or lactic — the pepsin in the stomach cannot act 
upon animal food without an acid reaction. An acid, therefore, is 
first secreted as soon as the food passes through the lower portion 
of the oesophagus. The acid-secreting cells are very active, so that 
when the last portion of the meal has passed into the stomach the 
lower part of the msophagus is still in a state of irritation and in 
an acid condition. This acidity is gradually neutralized during 
digestion by the slightly alkaline saliva swallowed; consequently, 
-to a person with deficient saliva or delicate mucous membrane of the 
-CBSOphagus, expectorating the saliva soon after a meal is very in- 
jurious, as the acidity of the cesophagus is not relieved. Physio- 
logically, it would be out of question to treat such a case for 
gastric indigestion or dyspepsia, and make the stomach suffer when 
it is not at fault. Of course, the alkalinity and the acidity can only 
manifest their proper action when the tEOsphageal and gastric 
secretions are in normal condition. When the normal acid of the 
gastric juice is deficient or suppressed, the administration of prop- 
erly diluted hydrochloric acid will prove beneficial. On the other 
hand, when the acid secretion is normal, or excessive, then the 
administration of an acid diminishes gastric digestion. Failure 
^^f sufficient secretion of acid lies generally in an abnormal thicken- 
ing of the mucous membr&ne of the lower portion of the (esophagus, 
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conetders the peptones of milk, casein, albnmen, and fibrin separ- 
atclv. Analysis proves them similar in composition to the eub- 
stances they are derived from; therefore, the peptones constitute an 
intermediate stage between the food just entering; the slomach and 
the substances absorbed, as dough constitutes the intermediate 
stage between flour and bread. The albumen-peptone lies between 
the albumen of the food and the alburainose ready to be absorbed; 
the fibrin -peptone, between the fibrin of food and fibrinose; like- 
wise, the other peptones. 

I^hman gave the name peptone to the dissolved proteids of 
food in the stomach, the solution being effected by the action of the 
pepsin and the hydrochloric acid. Landois tells us that "peptones 
represent the highest degree of hydration of the proteids." Accord- 
ing to the Schweizerischf WiK-kenachrift fur Phnrmnrif, "the best test 
lor distinguishing albumen from peptone is xanthogenate of potaa- 
eium, which precipitates albumen in a neutral solution, only after 
the addition of an acid. Peptones are precipitated at once, as they 
already contain free acid." The foregoing substantiates the asser- 
tion that peptones hold an intermediate state between the food en- 
tering the stomach and the substances dissolved, purified, and 
ready for absorption in the intestines; (or the alkaline condition 
of the intestinal juices neutralize the acid, while the bile acts upon 
the pepsin. Again, the peptones undergo other modifications. In 
short, the peptones are not absorbed as such, but form the materi- 
als which, through the action of said secreted juices, become true 
albuminose, fibrinose, globulose, which enter the circulation, and 
these again undergo further changes, as will be noticed in the fol- 
lowing pat;eB. 

It may be well not to lose sight of the difference between "albu- 
men," "albuminous," "albuminose," and "albuminoid"; as one com- 
pound cannot he the other; neither can one, in the processes of life, 
be used in place of the other. The first three mentioned have been 
partially conridered already, but the following may further illus- 
trate them, and especially the last — the albuminoid. The change 
of albuminous substances into albuminose, fibrinose, glolmhise, and 
other solutions, as long as they remain in the alimentary canal, 
must be considered simply as a physical change {in this case a fine 
solution), since a physical change does not cause the loss of the 
identity of a substance. This is illustrated by the fibre of linen, 
which is identical with the fibre of the mature flax-plant; or by 
diBGolved sugar in water which is identical with sugar in solid 
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form. When albuminous substance? are transformed in the stotd 
ach into albuminose, fibrinose, or glnbulose, and have entered th) 
circulation, then, by the protoplaanri of the tissue cells (this includefl 
blood-cells, or corputscles), chemical changes and combination! 
take place, producing albumiaoid« (proteids). The protoplai 
blood-cells (corpuscles) produces the albuminoid haemoglobin; thd 
protoplasm of the cells of the secreting organs, the albuminoids a 
digestive juices, such as ptyalin, pepsin, pancreatin, etc.; and thffi 
protoplasm of the cells of the solid tissues the albuminoids, mycv 
sin, chondrin, etc.; the blood furnishing the material for the secre 
tions and the transformations. 

We have now arrived at a distinctive point. There are twi 
classes of albuminoids— juicca and floHds— which are very distini 
in their properties, but similar in composition, and act differentlyj 
Those of the juices act in dissolving and transforming, but exhaui 
themselves during the process; such as the ptyalin of the salivByl 
the pepsin, pancreatin, etc. Those of the solid tissues are 8olidi4^ 
fying, not transforming, and maintain themselves; such as th»^ 
myosin uf muscles, chondrin of cartilages, and others. The s 
mal solid albuminoids have some analogy to the alkaloids of the 
plants, such as quinia of cinchona bark, or strychnia of nux votn> 
ica, excepting that the latter contain no sulphur. An albumi- 
noid is a nitrogenous compound, also called proteid (holding the 
first place) ; and is composed of C, 0, N, H, and S. In elementary 
composition the various albuminoids are alike, but differ in the J 
number of atoms composing each. To illustrate: one album inoidfl 
may contain more atoms of carbon, another of nitrogen, another efl 
hydrogen, oxygen, or sulphur, and so on. Here we notice that the 
t«rm ■'albuminoid" may indicate its derivation; but, as it is the 
product of a chemical change, it is not identical with the substance 
from which it is derived. This is illustrated in invisible coal-gas, 
which is obtained from visible solid coal. Chemical action separ- 
ates the atoms, which then unite with others; the molecules and 
substance formed lose their identity. Now, the food and certaiii 
fluids entering the body and containing the essential element! 
may properly be called protein bodies, or substances out of wbiol 
the numerous protein compounds (albuminoids) are formed in thf 
economy; such as the ptyalin, pepsin, pancreatin, myosin, 
others. The average albuminoid compound is, chemically constin 
ered, very complicated, containing about 64 per cent of carbon, ' 
of oxygen, 16 of nitrogen, 7 ot hydrogen, and 1 of sulphur. 
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pounds differ only in their atomic proportiona, and exist naturally 
in the hody, either in a semi-solid or in a solid condition, some 
of them being ea»>ily changed into a more or lees insoluble state 
by a process termed eoaciulation. This coagulation is brought about 
in fibrin, for instance, by simply allowing the fluid containing its 
elements to escape from a vessel of the body; other eubstances 
containing an albuminoid, coagulate cither by tioiling, by contact 
■with mineral acids, or with numerous other substances (such as 
the pepsin in contact with bile). The pepsin of the gastric juice is 
precipitated by contact with bile; hence, if bile enters the stomach, 
it either disturbs the digestion or causes vomiting. 

Indigestion is often the result of an imperfect secretion of acid 
or of pepsin; weakness of the mucous membrane of the stomach; 
or of fermentation, due to micro-organisms; either one of which 
changes the process of digestion into an abnormally increased acid 
condition, gas being evolved at the same time. All substances that 
contain much tannin, when taken into the stomach, also retard 
the digestive proceaa. The rapidity with which watery solutions — 
for instance, of iodide of potassium, the alkaline carbonates, lac- 
tates, citrates, and hepatic remedies— pa?s into the blood, thence into 
the liver, urine, and saliva proves that the capillary veins of the 
stomach take them up; and, as they are tributary to the portal 
vein, the absorbed matters pass directly to the liver and stimulate 
it to increased secretion. 

The mucous membrane of the alimentary canal is not the only 
channel through which nutritive or other substances may be intro- 
duced into the svstem; as water, and substances dissolved in it, 
may get into the circulation by absorption through the skin. When 
no food can be taken into the stomach for some time, life may be 
sustained by enema, or by bathing in milk, bouillon, etc. In this 
case, the lymphatics of the skin absorb tho fluid foot! and carry 
it into the blood circulation. It may be here observed that a chem- 
ical change of such nutritious substances before absorpticn is not 
necessary; but a thorough solution simply is required. The 
lymphatics (lacteuls) of the intestine have the advantage of por- 
tion to absorb the nutritious substances more thoroughly than the 
lymphatics of the skin. Food in the alimentary canal is, with re- 
spect to the bodily tissues, yet outside the confines of the body, as 
a fly inclosed by the leaf of an insectivorous plant is yet outside 
the tissues of the plant itself. The cells of the lacteals are dis- 
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poaed to buey themselves during the digestive process with absorb- 

ing the more intricate materials, eiich as albuiuinoee, librinose, and 
fatty emiileion; while the capillary veins of the intestinal wall 
absorb not only venoua blood, but also glycogen, or saccharine mat* 
ter, and discharge them into the portal vein. I 

That the stomach does not disBolve or digest ilsflf may find an 
explanation in one or more of the following four circiuustanceB: 
1. No digestive pepsin is secreted when the stomach la empty. On 
administering pepsin or eome other artificial digestive substance 
when the stomach is empty, the mucous membrane is attacked 
(provided a free acid is present), and pain results; this may also^ 
happen when the dose of pepsin is too large, with little food in the 
Btomach. 2. The alkalinity of the blood, which circulates copiously! 
in the layers of the wall of the stomach, counteracts an attai 
by tlie normal acid of the gastric juice. 3, Vital activity opposes, 
the digestion of the stomach by itself, so that the chemical force 
of the pepsin and acidity of the juice are expended on the non-living 
food matter. 4. The indestructible transparent columnar epithe- 
lial cells of the gastric mucous membrane afford a natural protec- 
tion against the self-digestion of the Btomach. If, on the other 
hand, at the completion of the gastric digestive process, the etomach 
contains much pepsin and an abnormally increased amount of acid, 
and the blood circulation is abruptly stopped, the gastric juice may 
then act on the stomach, digest, and perhaps perforate it. Thia 
may be of importance in a medico-legal sense. 

InteBtinal Digestion.— Chyme, or liquefied food, when pass-' 
ing from the stomach, is a mixture of the disintegrated or partly 
digested food, some portions of which are completely liquefied, 
others not. In the intestine the bile, pancreatic and intestinal 
secretions act upon the chyme, thus continuing the digestion unfin- 
ished by the stomach, transforming the chyme into chyle, which 
is an opaque, milk-like fluid; and, when absorlied into the laetealg 
it consists of oil-globules, with albuminous matter emulsified, and, 
fine, fatty granules, t«rmed the molecular hnaia of ehyh. 

After the chyle has passed through the lymphatic glands of tl 
mesentery it also contains fibrin and white corpuscles (leucocytes),; 
derived from these glands. It is obvious, therefore, that chyle 
gradually undergoes changes during its passage from the intestine 
through the lacteals and lymphatic glands. When it reaches and 
enters the thoracic duct it mingles and becomes identified with, 
the lymph. 
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The Daodenam ia the immediate inteBtinal continuation from 
the Btomach, the pyloric aphincler and orifice being the dividing line. 
It is from tea to twelve iDches long. At a point about four inchea 
from the stomach, the excretory duct {ductus rommunis choledochvt) 
of the liver and gall-bladder enters and empties itself. Just below 
the orifice of this common bile-duct is the orifice of the larger pan- 
creatic duct, and a ehort distance below this is the orifice of the 
smaller pancreatic duct. The jejunum and ileum have no distinct 
line of demarkation between them. The duodenum, jejunum, and 
ileum together are about five times as long as the human body. The 
jejunum is so calK'd from the fact that it ie generally found empty. 

The Wall of the Intestine (Fig. 8) is composed of four tis- 
sue layers — a serous externally, a mucous membruae internally, 
and between these two a submucouH connective tissue, and a mus- 
cular-fibre layer. The muscular layer is arranged in diagonal, 
longitudinal, and transverse layers of muscular fibres; their alter- 
nate contraction and relaxation producing the so-called peristal- 
tic action, which propels the intestinal contents forward. The 
presence of food in the intestines is the appropriate stimulus to 
excite the sensory cells of those parts. These cells communicate 
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freely with the sympathetic centre cells and 
those of the medulla oblongata. In this man- 
ner reflex actions are effected, producing the 
peristalsis, or alternate contraction and relax- 
ation of the muscular fibres in the wall of 
the intestine. The mucous membrane of the 
small intestine is thickly covered with villi, 
which, at their surface, are lined with a layer 
of epithelial cells (A, A, Fie. 7; and B, Fig. 8). 
When the liquefied food (chyle) passes along, 
each villus ia completely submerged in the 
chyle. The villi are evidently intended not 
only as absorbent agents, but also to increase 
the absorbent surface. Each villus is supplied 
with a aet of blood and lacteal vessels, the Diagram of a Villus, 
latter discharging into lacteal follicles beneath. 
The villi are most highly developed in the B.^ASne'IlfcTpiN 
duodenum, where the chyle is first formed. ]^^ ^mj ^ caniliary 
They are turgid, enlarged, and opaque during vein, c, Lacteal veBsel, 
the process of digestion,but in prolonged fast- 
ing become shrunken from inactivity and diminished nutrition. 
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Ttese villi are very active agents during the process of abeorpdon 
of chyle in the gmall intestine, which haR about 6000 square centi- 
metres of surface, with from 15 to 18 millions of villi at least. In 
the layer beneath the villi of the mucous membrane of the small 
intestine are found the folliclee of Lieberkiihn (C, C, Fig, 8), uni- 
form and parallel with one another, and opening between the villi 
on the surface of the mucous coat. These follicles are abundantly 
distributed in the small intestine, and possibly effect important 
changes in the digestive process. In the submucous coat (E) are 
Email glandular clusters termed Glands of Brtmner (D, D), 
rig. 8. 
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Diagram of the Wall of the Small Intestine, 
A, A, Villi. B, B, Epithelial layer. C, C, Follicles of LieberkUhn. 
D, D, Brunner's glands. E, Submucous cost. M, Muscular coat, 
resting on the eerouH coat. N, N, Ganglion cells. 

They are found only in the duodenum, and are most abundant at ' 
its pyloric end. From the vesicles composing a cluster arise mi- 
nute ducts, which coalesce and form a larger duct, through which 
the secretion of the gland parses into the duodenum. 

The Qlandulse Solitariee, or Solitary Q-lands (B, B, Fig. 
9} aredisfributed throudhout all parts of the small intestine. They 
are most numerous in the jejunum. These glands are simple, mem- 
branous, flask -shaped vesiclet, the neck being even with the int( 
nal stirface of the intestine, while the rounded base lies within t 



mucous membrane. These glands consist of granular particles, and 
have no openings. The manner in which they discharge their con- 
teota is not clearly understood. The solitary gland Is never larger 




Diagram of Solitary Glands in the Mucous Membrane. 
A, A, Villi. B, B, Solitary glands. C, Layer of longitudinal mus- 
cular fibres. D, D, Brunner's glanJs in the submucoua layer. 

than a mustard seed. Possibly, when attaining this its maximum 
aiie, it bursts and its contents escape. The mucous membrane of 
the small intestine presents also numerous transverse folds, termed 
ValvalaB Gonniventes (Fig. 10). When a piece of this mem- 



Fig. 10. 




brane ie placed in water, the 
folds may be seen to move like 
the opening and closing of a fan. 
Each fold occupies three-fourths 
or more of the circumference of 
the mucous membrane and often 
projects more than half an inch 
into the intestine, supporting the 
villi, and checking somewhat the 
rapid motion of the intestinal 
contents. 

Peyer'B Olands are aggregations or clusters of solitary glands, 
forming oval patches. They are situated on the internal wall of the 
ileumjjustopposite the attachment of the mesentery, and are small- 
est toward the jejunum, and largest near the Cfficum. In the latter 
situation patches occur measuring from two to three inches in the 
long diameter. They vary in number from fifteen to twenty. Re- 
garding the function of Peyer's glands, nothing certain is known; 
though, as they become enlarged during the digestive process, it is 
inferred that they in some way influence this process. It ia also 
surmised that the peculiar odor of the feces may be due to the 



presence of their Becretion. In typhoid, or enteric, fever and in 
phthms, these glands become irritated, produce acidity, and gener- 
ally ulcerate. Thie is probably the cause of the diarrhoea so com- 
mon in these djeeases. 

The villi and the secreting folliclea and glands in the wall of the 
small intestine are nouriehed by blood from the capillaries of the 
superior mesenteric artery. The branches of the arteries and veins 
in the gastric and intestinal mucous membrane are surrounded by 
a sheath of connective tissue, very strong along the arteries, but 
delicate along the veins. These branches lay within the muscular 
coat of the intestine in an oblique direction. On account of the 
weakness of the veins, they are easily compressed by the contrac- 
tion of the intestinal muscular coat during peristaltic contractions, 
thereby impeding the return of the blood from the gastric and 
intestinal mucous membranes, and increasing their congestion. 
The congestion continues as long as the contraction lasts, and is 
aggravated by frequent repetition. This condition of congestion 
is, to the digestive process, of the greatest importance, as it favors 
the longer retention of the blood in the walls of the stomach and 
of the intestine, enabling them to furnish more material for follicu- 
lar and glandular secretions. In health, the mere presence of food 
in the stomach and intestines excites the contractions of their walls, 
alternating with relaxations — -peristalsis. These movements exert 
a favorable influence upon secretion and absorption by favoring 
not only the movement of the ingesta, but also by producing alter- 
nate compression and relaxation on the glands and follicle?, thereby 
favoring the flow of their secretion, and in the villi the flow of their 
absorbed fluid. This demonstrates, also, that the congestion or peri- 
odic hyperiemia brought about during the peristaltic contractions 
is really a physiological fact of vital importance. On the othef 
hand, severe irritation of the intestinal walls brings about acidity 
and severe tonic contractions, resulting often in diarrhcea. In 
this case the mucous membrane secretes acid instead of mucus, and 
the natural eecretions of the glands and follicles are diminished 
and the digestive process seriously retarded or entirely suspended. 
Should excessive irritation occur in the small intestine, the blood- 
serum, with the albuminous substances, alkaline sails, and water 
already absorbed, pass from the absorbent vessels back to thoi 
intestinal canal, and are carried forward by strong peristaltic 
movements so rapidly, that absorption in the large intestine cannot 
keep pace with it, and diarrhcea ensues. In cholera the irritatioiu 
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u most severe and fatal, because the blood thickens and aa a resulb 
circulates sluggishly. 

The mucous membrane of the large intestine is smooth and 
ahining, and is destitute of villi; it is provided, however, with 
absorbing and excreting cetla. In the walls of the stomach and 
intestines, the capillariea of the gastric and the superior and inferi- 
or mesenteric veins, respectively, are very active as absorbents. 

Htinger and ThirBt are peculiar aensationa of desire mani- 
fested by the issues of the body; hunger is referred to the stomach, 
thirst to the tongue and throat. When normal, these sensations 
indicate a want of the elements of food or drink in the tissues — 
hanger calls for food, thirst for water. When the tissues become 
satisfied, these sensations disappear The natural demand of the 
appetite affords the surest criterion ot the quantity of food or drink 
zetiuired by the system. 



CHAPTER V. 



LIVER, BILE, AND PANCREATIC JITICE. 



The Liver ia the largest glandular organ in the body. It ie sit- 1 
uated beneath the diaphragm, in the epigastric and right hypo- | 
chondriac regions, and is retained in position by five ligamenta. 
Its size and weight are enormous when compared with other secret- 
ing glands. The weight of all the aalivary glands together is only 
about three ouncea, of the pancreas about two and a half ounces, 
white the liver weighs from three to fcur pounds. Its Hubstance i 
is divided into two large lobes, consisting internally of very ] 
small lobules, about 1-I8th of an inch in diameter, and composed ol J 
clusters of acini. The interlobular connective tissue, or sheath, 
finally (lurrounding the lobule is called Gligson's eapnUe, being a | 
continuation of the fibrous investment of the liver. 

The Bile-aecreting Apparatus consists entirely of glandn- ! 
lar cells (acini) and blood-vessels. The cells occupy the lobulefl, 
and are from about 1-llOOth to 1 -900th of an inch in diameter, 
each cell having a distinct nucleus. The cells are arranged in rows 
or columns within the lobule, and separated from the capillary ves- 
eels by a filmy membrane. At the periphery of the lobule thja , 
membrane coalesces and becomes continuous with the lining of the 
intralobular bile-ducts, which form a network at the sides of the 
cells. The liver is supplied with blood fr-oni two sources simulta- 
neously — the hepatic artery and portal vein {Fig. 11), 

The Hepatic Artery is a branch of the cceliac axia. It supplies i 
nourishment to the liver, to the walls of its vessels (ducts, arteries, I 
veins, and lymphatics), and the arterial blood from which, principal- I 
ly, the hepatic cells secrete the bile. The red blood- corpuscles, which 1 
were decomposed in the spleen, then pass to the portal vein, furnish, { 
in their oxygen, hiemoglobin, and other elements, important constit- , 
uents to the composition of the bilirubin and salts of the bile. 

The Portal Vein is formed by the union of four large veins — ■ 1 
the gastric, splenic, superior mesenteric, and inferior mesenteric. Tha 1 
portal vein conveys to the liver the venous blood from the stomach, \ 
spleen, pancreas, and large and small intestines. It ako supplies tha J 
liver with glycogen, albuminose elements, orgauic and inj 
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1 IB transformed into liver-sugar. In the substance of 
^_f portal vein enbdivides after the manner of an artery, 
" TlB lin^eliee ran between the lobules, and are termed interlobular 
branches. They surround the lobule and anastomose. The portal 
vein has its origin and termination in capillaries. Its capillaries 
in the liver communicate with the intralobular or central veins, 
Bituat«d in and passing through the central axes of the lobules. 
Fig. 11. 




Diagram of the Hepatic Blood and Bile Vessels. 

(Tbeorgana in the dia^am are aeparated, in oWer to show the ves* 
w)b. In the natural position, the liver partly- overlat>s the Hlomach ; 
and the hepatic artery ia a branch of the toeliac axis. This diagram 
is aimply to indicate the four princi|>al vessels entering and deparl- 
ing from the liver.) 

A. Liver. B, Stomach. C, Heart. D, (Esophagus. E, Spleen. 

1, Portal vein. 3, Hepatic artery, 3, Ductus communificholeiJochuB. 
4, Gall-blaiider. 6, Hepatic vein, 6, Duodenum. 7, Inferior vena 
cava. 8, Descending aorta. 9, Capillary veins of the stomach dia- 
chai^Dg into the [Kirtat vein. 10 and 11, Capillarv veinsof the in- 
Icatineg, emptying into the portal vein, 12, Capillary veins of the 
spleen, dischafgiog into the portal vein, 13, Iliac arteries. 

From these central veins and from the arterial capillaries the root- 
lets of the hepatic veins arise. Thus an artificial injection into 
either the hepatic artery or portal vein is apparent in the hepatic 
veins. Some hepatic cells have the function of secreting bile, while 
others transform glycogen into sugar; thus the blood, as well as 
the nutritive materials, in passing through the liver, are changed. 
The albuminose elements absorbed by the capillary veins (mesen- 
tom. veins) of the intestines differ from the albumen in the hepatic 
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Terns. Furtherinore, by the secretiun of bile, the non-nitrogenoaa 
portion of the arterial blond ie removed, just aa the effete nitroge- 
nous portion \i separated and given off by the kidneys. The liver 
protects the body; substancea juet absorbed, but not fit for the cir- 
culation, are by the liver destroyed and excreted. 

The liver has a receptacle (storehouse) called the Gall Bladder^ 
in which the bile temporarily accumulates. During the process of 
digestion the bladder contracts and discharges the bile into the duo- 
denum. That glycogenous materiala undergo important changes' 
in the liver, may l>e inferred from the fact that the hepatic veina 
contain more pure blood-sugar than there is of glycogen in the por- 
tal vein. The hepatic veins contain also more white blood- corpuscles 
than the portal vein but less hemoglobin, albumen, fibrin, and salts. 

Pure Bile has a clear, yellowish-brown or greenish color, de- 
pending on the relative amounts of bilirubin and biliverdin pres- 
ent. It has a bitter taste, and is neutral in reaction. Its specific 
gravity ranges from 1020 to 1026. Bile is composed of: — 

Water 869J 

SolidB— Bile eatts (oreanic) 91 .5 

Inorganic ealta 7.7 

Fat 8.2 

ChoIeBt«rin 2.6 

Mucus and coloring matters 29.8 — 140.B 

1000.0 
Bile is continuously secreted, but only completely when, at proper 
intervals, food enters the stomach and digestion goes on in the ali- 
mentary canal. During long-continued fasting some of its material 
ifl wanting, in which case the secreted bile cannot be entirely 
normal. The secretion is moat abundant during digestion, 
when absorption of food in the intestinal canal has begun. The 
bile in the capillary bile-ducts and the blood in the capillary blood- 
vessels are conveyed by capillary peristaltic action. ( ViiU Capil- 
lary circulation in chapter on Circulation.) The flow of blood and 
bile in the larger hepatic vessels ia assisted by the respiratory move- 
ments of the diaphragm and abdominal muscles, compressing and 
relieving alternately the portal and hepatic veins, thus favoring 
the functional activity of the liver. The two hepatic veins convey 
the blood and sugar from the substance of the liver, and carry it 
into the inferior vena cava; while the bile ducts collect and pass 
the bile into the hepatic duct, thence into the duodenum. 

The daily secretion of bile in an adult is from about one and a 
half to two pints. It is undoubtedly antiseptic to the contents of 
the intestine, ae when its contents are not acted upon by the bUa 
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the feces have a putrid odor. Bile is decomposed in the small in- 
testine and gradually diminishes in quantity; its salts are absorbed, 
<50 that normally in the large intestine no biliary salts are found. 
ObBtnictirm of the bile duets lends to extreme costiveness, showing 
that bile is a natural purgative. An abnormally increased quan- 
tity of bile causes diarrhoea. When no bile enters the intestines the 
dissolution, eraulsifying, and absorption of fat are incomplete, and 
the want of bile salts iu the blood results in impaired nutnUon 
and consequent reduction in the weight of the body. 

The mucus secreted by the cells of the mucous membrane in the 
walla of the bile-ducts gives to bile a sticky consistency. Any 
slight resistance to the outflow of the bile from the liver, such as 
catarrh of the bile-ducts, or a superabundance of mucus on the 
mucous membrane of the intestinal canal, extending to the hepatic 
ducts, causes bttiottgntss. If the obstruction he more serious, though 
the bile may be properly secreted, and its discharge merely inter- 
fered with — as by a plug of mucus, a gall-stone, or a tumor, which 
increases the pressure within the duets, and enlarges the liver — 
then the lymphatics of the liver {not the veins) absorb the bile, 
which then passes by way of the lymphatics to the thoracic duct 
and into the blood, resulting ia jaundice. This condition is always 
accompanied by extreme constipation, owing to the want of bile in 
the intestines. When bile has entered the blood, the pulse is gen- 
erally below normal — 60 to 40 beats per minute — accompanied by 
slow respiration, and the temperature is lower than normal. This 
condition is caused by the bile in the blood weakening the senei- 
tivenesB of the endothelial cells of the internal lining of the heart, 
go that stimulation by the carbonic acid of the blood on these cells 
is diminished, and the result is insufficient stimulation for nervous 
reflexes on the heart. The administration of veratrin or aconitin, 
especially the former, acts also on cells by diminishing their sensi- 
tiveness, just aa an ether-spray on the skin diminishes the sensitive 
function of the organuvi luclus. 

li the solid conttituents of bile, especially the cholesterin, be 
in excees in the liver, and solidify, biliary calculi, or gall-stones, 
may be produced. At birth, by the ligation of the umbilical cord, 
the htemoglobin in the ligated vessels is converted into bilirubin, 
generally producing jaundice in the infant for the first few days. 

In health the glandular cells of the liver contain oil, in small 
globules. If in disease they accumulate to excess, the result is 
knoira as /atty degeneration of the liver. When bile enters the 
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stomach, it resulte in vomiting, as the bile is incompatible witki 
pepsin. In adoiiDistering hepatic stimulants, it is well that thft 
bowels be kept open; otherwise, the bile, as such, may be reab- 
Borhed in the intestine. 

Hepatic remedies are generally absorbed by the capillary veina 
of the stomach. These veins discharge into the portal vein, Lan- 
dois notes the influence of drugs on the secretion of bile in dogs: 
"Podophyllin, aloes, colchicum, euonymin, iridin, sanguinarine, ipe- 
cacuanha, colocynth, sodium phosphate, phytolaccin, sodium ben* 
zoate, sodium salicylate, dilute nitro- hydrochloric acid, ammonium 
phosphate, and mercuric chloride (corrosive sublimate) are all 
more or less powerful hepatic stimulants, through their direct 
action on the hepatic cells; while scammony, colocynth, jalap, 
sodium sulphate, and haptisin, act on both the liver and the intes- 
tinal follicles and glands. Among substances which stimulate 
these follicles and glands, but not the liver, are castor oil, calomel, 
magnesium sulphate, gamboge, ammonium chloride, manganese 
Bulphate." Acetate of lead directly depresses the biliary secretions. 

The action of bile in the economy is five-foid, viz, — 

1. To assist the process of emulsifying fatty matter in the intestines, 

2. To assist in the absorption of fats by the lacteals of the villi. 

3. To moisten and additionally stimulate the intestinal walls to 
peristaltic movements. 

4. Its taurockoUn and glycocholin, when absorbed in the intes' 
tine, furnish the blood with most important atomic elements. 
When they are not so absorbed the body emaciates. 

5. Its antiseptic properties prevent putrefactive changes in the 
intestines. [Vide Ptomaines.) 

Liver Sugar.— That part of starch which is not transformed 
into glucose by digestion is changed into glycogen, which becomes i 
sugar as soon as it reaches the liver. That sugar is there formed, 
is proven by the fact that if in the portal blood which supplies the' 
liver no sugar appears, yet if supplied with glycogen sugar is found] 
in the hepatic veins leading from the liver. Sugar is, therefore^ 
formed by the transformation of starch during digestion, and froi 
glycogen in the liver. 

Sugar in Blood. — The proportion of sugar in normal blood 
is about two parts sugar in a thousand parts of blood, and possibly 
a portion of this, in passing through the liver unchanged, may be 
the sugar found in the hepatic veins when no glycogen enters the 
liver, as claimed by some physiologists. {Vide Sugar in ohapl 
on Nutrition.) In the normal condition of the system a lim- 
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ited quantity of sugar undergoes changes in the blood, and is 
entirely decomposed; but if from any cause its quantity is ab- 
normally increased, it is then found in the urine. A diabetic con- 
dition may result from an unusual amount of dugar being taken 
with food, or from anything which hastens the circulation of the 
blood through the liver, or from an oversupply of blood to the liver, 
as in continued struggles, convulsive muscular action, forcible com- 
pression of the abdominal organs, or injuries. Again, if the cir- 
culatory centre at the door of the fourth ventricle in the medulla 
oblongata be abnormally irritated, it increases the nervous redex 
impulses to the abdominal and hepatic circulation, and sugar may 
then be found in quantity in the blood and urine. This condition 
may, on account of some disturbance in the circulation, be only 
temporary; if permanent, it is called diahete» vieUituii. This latter 
affection is generally progressive and fatal, the urine being in- 
creased in quantity, of abnormally high specific gravity, and con- 
tinuously charged with sugar, which may continue to appear even 
when no saccharine matter is taken with the food. 

The Nerve-flbres supplying the Liver are derived from 
the hepatic plerm, which is formed by nerve-fibres from the cneliac 
plexus of the sympathetic nervous system and some fibres from 
the left vagus and right phrenic nerves. The fibres of the hepatic 
plexus accompany the hepatic blood-vessels, and supply their walls 
and the secretory cells. The normal sensitive stimuli for continual 
bile-secretion is derived from the carbonic acid of the venous blood 
in the liver. This sensation is conveyed through the vagus fibres 
to the medulla oblongata, where it is reflected and efferent (motor) 
impulses are conveyed through the phrenic nerve back to the liver 
for its action — similar to the reflex stimuli to the lungs or heart. 
Artificial stimuli or depressors {medicines affecting the liver) may 
increase or diminish these hepatic actions. ( Vide Carbonic Acid in 
chapters on Respiralion, and Circulation.) 

The LymphatiCB of the Liver form both superficial and 
deep networks. The superficial lymphatics are found in the tissue 
beneath the mucous membrane of the bile-ducts; the deep accom- 
pany the blood-vessels to the sides of the hepatic cells. 

I^mcreatic Juice.— The Pancreas is a lobukted gland (A, 
Fig. 12). In structure it is like the salivary glands, but much 
larger. It lies transversely in the upper part o! the abdomen; its 
light end is in contact with the duodenum (C). Its ducts (1 ) run 
through it centrally from end to end, receiving by their branches 
the secreted pancreatic juice and emptying it (2) inlo the duode- 
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num, just below the pylorus. The biliary duct (3) from the liver ^ 
also enters the duodenum, a little above the orifice ot the larger 
pancreadc duot. In this manner the bile and the pancreatic juice 
are mixed with the chyme soon after it enters the duodenum. 
About ten ounces of pancreatic juice are secreted daily by an adult 
Fi^. 12. 




Diagram of the Pancreas and Spleen« 

A, Pancreaa. B, Spleem, C. Duodenum. 

1, Pancreatic ducts. 2, OriUcea of the pancreatic ducta. 3, Bile 
duct. 4, Oriticeof the bile duct. 6, Spleriic artery, «. Sptenicvein. 
7. Capillary vennela in the spleen. 8, Indicating the passage of food 
from the atouinch to the duodenum. 

during the digestive processes; but none in the intervals between. 
Its principal chemical constituent is an albuminoid substance 
termed pancreatin, constituting about ten per cent of tht^ pancreatic 
juice. Zamanski, who made a careful examination of healthy 
human pancreatic juice, reported it to be a somewhat tenacious, 
yellowish, turbid liquid, with a marked alkaline reaction. 
His analysis gave the following results: — ■ 

"Water 86.60 

Organic compounda (including albuminoid eubatances 9 2-4the, 
extractive matter 3 3-4ths, Of the latter nitrogen conatitutea 

about 1 l-]2th part) 13.25 

Salts (sodium carbonate, chloride, phosphate, and sulphate; 
potaesium, calcium, and iron;, about ^ 

100.00 

At a temperature of 100" P. (38" C), this pancreatic juice readily 
converted starch into glucose, egg-albumen into peptone [albu- 
nainose ?], and olive oil into an emulsion." {Vide Peptone in ' 
chapter on Digestion.) 

Fatty materials are not changed in the stomach; but melted by | 
its warmth, and set free from the vesicles and fibres of the food. 
As soon as this fat comes ia contact with the pancreatic juice, tha I 
emulsifying process takes place, after which it is ready to be ab- 
sorbed by the luctcals and to pass into the circulation. The pan- 
creatic juice also converts into glucose those starchy substances 
that eacaped the action of the galiva and passed anc 
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the daodenam, the pancreatic Juice possessing this power in a far 
higher degree than saliva, thus preparing starchy matter for the 
final sugar refinery — the liver. ( Vide Starch and Fate in chapter 
on Nutrition.) 

Vessels of the Pancreas. — The pancreas is supplied with 
arterial blood from numerous branches of the splenic, pancreatico- 
duodenal branch of the hepatic, and superior mesenteric arteries, 
The veins discharge into the splenic and superior mesenteric veins, 
which are tributary to the portal vein. The lymphatics com- 
municate, eventually, with the thoracic duct. 

Nerves of the Pancreas.— The nerve-fibres of the pancreas 
are from the solar and splenic plexuses. Its afferent fibres run 
within the pneumogastric nerve, its efferent in the phrenic nerve. 

The Spleen (E, Fig. 11; and B, Fig. 12) is a ductless gland, 
concave and oblong in form, soft, and of a dark bluish-red color. 
Considering its size, it is the most vascular organ of the body. In 
the adult it is about five inches in length, four in breadth, one and 
a half in thickness, and weighs about seven ounces. It is situated 
in the left hypochondriac region; its upper portion is in close prox- 
imity with the diaphragm. It is held in position by a reflection 
of its peritoneal covering, termed the suspensory liijament. Its upper 
inward surface is in close contact with the cardiac portion of the 
stomach, adhering to it by the (faslro-splenic omenlitm. Its lower 
inward surface is in close contact with the pancreas. The spleen 
IB invested with two coats, a serous (peritoneal) externally, and a 
fibrous elastic coat beneath. Its nutritive supply is derived from 
the blood of the splenic artery. Its venous blood is conveyed by 
the splenic vein to the portal vein, which conveys it to the liver. 

Tlie pulp of the spleen is made up of blood-corpuscle.-;, granular 
matt«r, nucleated bodies (splenic corpuscles), and colorless nucle- 
ated cells in size from l-7000th to l-BOOOth of an inch. These, 
together with the intercellular membranes, form its purenchyma. 
Numerous lymphatic vessels arise from the proximity of the splenic 
corpusclej. 

Physiologically, the spleen is not absolutely necessary to life. It 
has often been removed from animals, and by accident destroyed 
in man, without perceptible loss of health after the wound had 
healed. Still, its functions are manifold. It has been surmised 
that the spleen is; 1. A diverticuluvi, or reservoir, of nutritious ele- 
ments for the blood, to be used during fasting. 2. The broken-up 
red blood-corpuscles impart the separated elementary substances 
to tho venous blood of the portal vein. 3. To be a storehouse for 
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albiimmous matter, to be drawn upon and used during fasting 
To have the function of selecting and aggregating fibrin elements, 
as (ihowu by the blood of the splenic vein, which sometlniea con- 
tains four to six times the quantity of fibrin found in the venou» 
blood elsewhere. 

That the spleen produces new blood-corpusclea is a conjecture 
not yet confirmed. The fact that the white corpuscles found in the 
vessels leading from the spleen are in ext«ss of those found in the 
veaselB supplying the spleen, may be accounted for by assuming 
that one function of the spleen is the changing of eome of the red 
corpuscles into white corpusclea. The haemoglobin and oxygen 
released from the red blood -corpuscles in the spleen pass on to the 
liver, and there enter into the formation of bilirubin, that constit- 
uent of bile which gives it its characteristic color. 

The parenchymatous intercellular structure of the spleen allows 
great extension, forming diverticula, thereby serving to relieve the 
portal vein from undue distension under various circumstances. 
When the secreting function of the liver is enfeebled, or He ducts 
more or less blocked up, the spleen is alway.'i found enlarged. If 
the intestinal canal be distended with food, it may cause pressure 
on the portal vessels; then the speen enlarges. Again, it is large 
and distended after the process of chymificntion — say, from one to 
three hours after food is taken. It is manifest, therefore, that the 
spleen furnishes the liver with elements necessary for the pro- 
duction of bile, not only duririg the process of digestion, but also 
during the periods when no food enters the body. In prolonged 
fasting the spleen becomes correspondingly small, showing that 
it gives off its superfluous accumulation of blood to the liver to 
furnish material necessary for the continuous secretion of bile, as 
necessity requires. The spleen is, therefore, a reservoir for the 
blood, the quantity of which is increased when food is tiiken; for 
the superabundance of nutritious elements to the blood entering 
the blood-vessels at once, would endanger health if no provision 
were raade for a storehouse— -the spleen. As soon as the absorbing 
and secreting organs have relieved the general blood pressure of 
the system, the spleen gives up its surplus, and regains its previous 
dimensions. This indicates that. If the spleen be removed, or its 
power of distension be impaired, there is liability to apopUxy, Such 
a condition may be relieved most quickly by venesection. When 
from any cause the peripheral circulation becomes enfeebled (chills), 
or there is a functional derangement of the liver, as in malaria, 
tiie spleen enlarges. 




CHAPTER VI. 

SECRETION AND EXCRETION. 

Secretion is the function, poesessed by certain classes of cells, 
of abeorlting atomic elements from the blood, and transferring 
and combining these elementB into one or another of four forms of 
new compoande — solids, semisolids, fluids, or gages. The eoliilg 
we find as collagen, choudrin, etc.; the gemigolida as mucosin, myo- 
sin, etc.; the fiuids as saliva, gastric, pancreatic, and intestinal 
juices, bile, tears, perspiration, urine, milk, and serous fluids, etc.; 
the i/nsfoua as carbonic acid gas in expired air. Secretion is effected 
solely by cells, aa certain cells of bones, muscle -fibres, membranes, 
follicles, glands, and walls of ducte. The products of some of 
these secreting cells are deposited in the tissues, as the collagen, 
chondrin, and myosin; others are for immediate action, as the 
saliva, gastric and intestinal juices and fluids; others, again, are 
excreted, as urine and perspiration. Some of the secret! ng-cel Is are 
somewhat isolated, as those of bones and of muscle-fibres; others 
side by side, as those of mucous and serous membranes, Liefier- 
kiihn's follicles, and ducts; others, again, in grape-bunch form, as 
those of Brunner'a glands, the pancreas, end salivary glands. The 
secreting glands are divided into two great classes; vii., those with 
duct», and those without. To the former glands belong the lach- 
ryrDal, salivary, sudoriparous, mammary, sebaceous, Brunner's, the 
liver, pancreas, kidneys, and testes; while the latter include the 
laprarenal capsules, spleen, thymus, thyroid, pituitary, and sol- 
itary glands. Some secreting glands are racemose in form, or grape- 
bunch- 1 ike, such as the salivary, and Brunner'a; others appear as a 
solid organ, as the liver and kidneys. In most cases the secreting 
ceils derive the materials necessary for their own nourishment and 
lor iho elaboration of their ultimate products from the arterial 
blood only; while others derive the materials necessary for their 
tecretions from the venous blood also, as the secretions of the cells 
of the liver, lungs, kidneys, and skin. The various secretions are 
id, as aiich, in the blood, but are products of the activity 
rotoplasm of the cells, attracting, selecting, and aggregating 
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the necessary atoms and molecules from the blood, and thus i 
ing, according to the peculiarity of each class of cells, the v 
compounds — secretions. Hence, the phenomenon of secretion and I 
the formation of new products is a function of the cells, and not a 
mere filtration from the blood. 

The secreting organs are supplied with two classes of nerve-fibres. 
These fibres are alike in structure, but carry different kinds of im- 
pulses; viz., sensory and motor. The sensory nerve-fibres convey 




Diagram of Secreting Follicles 

A, A, Follicles B Ganglion of the Bjni|jatli(.Uc aiatem. C, Nerre- 
fibre communicatiDt n ith the medulla oblongata. D D, walla of the 
folliclea containing colamnar epithelial eella secreting the principal 
active substance ot digeative juice. E, E, Epithelial cells lining tho 
mucoue membrane. 

impulses inward (afferent) from the secreting organ to the medulla 
oblongata, which, by reflex action, sends out an impulse (efferent) 
through one or more motor fibres to the appropriate organ or 
organs. The motor nerve-fibres carry four kinds of impulses; viz., 
vaso-motor (constrictor and dilator), inhibitory, secretory, and 
trophic. The impulse through the vaso-motor regulates the distri 
button of blood in the capillaries of the organ; the impulse through 
the inhibitory fibres diminishes or suppresses its activity; others 
regulate the activity of the secretory cells; and still others, the 
trophic, regulate the nutritive activity of the organ. Transmission 
of impulses through the three first mentioned motor-fibres takes 
place during secretory activity only, while the fourth, or last, is 
most active during the repose of the organ. That the transmission 
of impulses through each class of nerve-fibres named is independ- 
ent of that of every other class, is proven by the fact that one kind 
of impulse may be defective or incomplete, or the nerve-fibre para- 
lyzed, while the others remain intact and unimpaired. Again, « 
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Becreting organ may become congested, and lose the secreting power, 
though, normally, secretion is carried on when the organ is more 
or lees congested. The motor fibres {vaso-motor, inhibitory, secret- 
ory, and trophic) from the medulla oblongata pass directly through, 
branch from, or reticulate with the sympathetic plexuses, and are 
thereby enabled to communicate simultaneously with one or many 
secreting organs. 

The impression received from a stimulus on the end-organ of a 
sensory nerve in a secreting organ is produced by contact with for- 
eign matter, though the individual may not be cognizant of it, 
a,% the cerebral convolutions are not directly connected with the 
function of any secreting organ. The medulla oblongata is thus 
connected, however, so that whenever a secretory organ becomes 
active or inhibited by mental influence, the mind can act only 
rffleily through the medulla, similar to stimuli from- a secreting 
organ. Consequently, any form of stimulation from the mind, for 
secretion or its impairment, must be considered a reflex act through 
the medulla. The presence of food or a foreign substance in the 
mouth, or even the smell of a favorite dish, provokes the flow c£ 
saliva; the presence of this food or substance in the ceaophaguti, 
stomach, and intestines, stimulates their secretions, as well as, 
indirectly, those of the liver and pancreas; while the presence of a 
very hot drink in the oesophagus and stomach, or mental excite- 
ment or depression, may cause perspiration. The afferent nerve- 
fibres from secreting organs pass through sympathetic ganglia 
before arriving at the medulla oblongata, similar to the manner in 
which all aHercnt (sensory) fibres pass to cerebro-spinal centres; 
while the efferent (motor) fibres from the medulla oblongata to 
secreting organs all pass to or through sympathetic plexuses Ijefore 
entering the organs. The activities of the elements, cells, and tis- 
sues cause a rise of temperature in the secreting organ, venous 
blood issuing from the organ, and in the newly formed product. 
The temperature, therefore, is higher in them than the temper- 
ature of the arterial blood supplying the organ. 

There are four fluids in the body with an acid reaction; viz., gas- 
tric juice, urine, perspiration, and the mucus of the vagina; all 
others have an alkaline reation; i. e., the blood-plasma, lymph, 
milk, tears, saliva, mucus, the serous, spermatic, intestinal, and 
pancreatic secretions. A characteristic of all secretions that are 
vsefvi in tht economy is that they have an alkaline reaction, except 
tbe gastric juice, and even thia becomes neutralized; while those 
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which are acid, and bo reroaia, mnet be removed, as their a 
latlon in the body would prove deleterious to health. 

Bzcretion (evarualio) is the eeparation, emission, or expulaion 
from the body of materiale which have become useless, constitut- 
ing the eSete matters or waste products (except the feces) of the 
various chemical changes and decomposition of the tissues. These 
materiale, which have been a part of the tissues, by continual 
changes are no longer useful to the eystem, hence are collected by 
the absorbent vessels (l)rmph&tic& and veins), and carried by the 
blood to proper places for elimination; for example, the urine, car- 
bonic acid gas, and perspiration. The salivary and niammary 
glands are secretory in their function, while the lungs, liver, kid- 
neys and skin are secretory as well as excretory organs. The uriue 
is secreted by the cells of the tubuti uriniferi in the cortical por- 
tion of the kidneys, but its expulsion takes place through the ure- 
thra. It is claimed by some that the separation of urine from tbe ■ 
blood is simply a filtering proces^i brought about by the blood^M 
high pressure in tbe glomerules of the kidneys. This canttol itM 
altogether true, however, for the following reasons, given by Vei^ ' 
to- wit: 

"1. Urine differs much from the fluid obtained by Altering the 
blood. 

''2. In health, the urine contains no albumen, a substance ia.B 
which the blood is rich. 

"3. Urine contains comparatively much more urea and ealtsi 
than tbe blood. 

"4. Why should simply water and salts, without albumen, pai 
through the capillaries of the glomerules and not through aa;^ 
other capillaries?" (For further demonstration see chapter « 
Kidneys. ) 

The due performance of the functions of excretory organs i 
essential to the well-being of the body, for the following reasonul 
The peculiar anatomical and chemical composition of tbe tissuM 
of the body renders th"m liable to continuous decomposition i 
decay. Consequently, it is a positive necessity that the decom-4 
posed matters be rapidly carried off. Every physical, mental, an 
chemical operation causes disintegration, or breaking up, of certain^ 
portions of the tissues, resulting in the accumulation of effete 
matter, which, with the decomposed food and food excess, would, 
if not speedily removed by the excretory organs, cause the blcM 
soon to become poisoned. 




THE ABSORBENT SYSTEM 



The absorbent system coDsists of capillary veins and lymphatics. 
The absorbents take up materials from the intestines and tissues, 
and carry them into the general circulation. (The Venous Sys- 
tem is described in the chapter on Circulation.) 

The Lymphatic System consists of vessels, glands, and the 
thoracic duct. The vessels ramify and extend throughout nearly 
all parts of the body, and possess the function of absorbing the 
chyle from the intestines, and the lymph from other organs and 
tiesaes, conveying them into the venous system. Lymphatics lead, 
like veins, towards the heart. The lacteal vessels, originating in 
the villi of the intestines, pertain to and are a part of the lymph- 
atic system. They absorb and convey the chyle to the follicles 
beneath the villi, thence pass through lymphatic glands, and dis- 
charge into a much-dilated lymphatic vessel known as the receplac- 
vittmekyli (1, Fig. 14). This dilatation is the commencement of 
the thoracic duct, and is formed by the junction of the two lumbar 
and iDteBtinal lymphatic trunks, just in front of the second lum- 
bar vertebra, between the abdominal aorta and inferior vena cava. 
Thelacteals are so termed because the chyle, which they absorb 
from the alimentary canal, is milky in appearance. 

Chyle is the product of digestion. It is found in the small in- 
testine and the lacteals. In order that digested food may be of use 
totheentireeconomy the nutritious materials pass through the mu- 
cous membrane of the alimentary canal, so as to obtain admission 
into the blood. Its endosmosis through the villi and mucous mem- 
brane is facilitated by the alkaline condition of the intestinal juices. 
It passes into the thoracic duct and mingles with the white lymph, 
entering the general circulation at the left subclavian vein. The 
mucous membrane of the intestine, and the vessels therein, are 
lined with cells endowed with the function of controlling the pas- 
sage of liquids and liquid foods through them, and of elaborating 
new juices. Consequently, these cells are divided into two classes — 
one (or secretion, the other for absorption. The former are the cells 
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of the foUiclefl of Lieberkiihn and glands of Brunner. These absorb 
from the arterial blood the material for the eecretion of the intes- 
tinal juices, which are discharged intothe intestinal canal. The cells 
of absorption are those of the intestinal capillary Teine and lacteale, 
which absorb and promote the passage of nutritioias eubetancea 
from the intestines to larger veins and lacteaU. 

Tu- 1*. The oleaginous matter of the 

chyle is in a state of emulsion; 
t. e., suspended in minute par- 
tides in the nutritive fluid, lifca 
fine granulated dust. These GiM 
fatty granules constitute the 
mofecuiarfcasisoftheehyle. The 
white color and opacity of chyle 
depend upon the molecular con- 
dition of the oily ingredients. 
During digestion the capillar- 
ies of the lacteal vessels be- 
come distended. As soon as 
digestive process is over, and 
contents of the lacteals are 
charged into the thoracic duct, 
the lacteals again contract. 
Chyle is not therefore constantly 
present. The products of diges- 
tion are carried by two different 
routes — by the portal vein, and 
by the lacteals — into the gem 
circulation. The vena poi 
carries the blood from the poi 
system, which contains glycogen, 
to the liver, where it traverses 
the capillary vessels and is 
transformed by the cells of that 
organ, and the product is con- 
veyed by the hepatic veins to the 
inferior vena cava, thence to the right auricle of the heart. The 
lacteals absorb the chyle and convey it to the thoracic duct, which 
carries, besides the chyle, thely mph of the trunk and lower extremities. 
The chyle contains the largest proportion o! albuminose, Qbrinose, 
and fatty ingredients derived from the ingesta. The thoracic duct 
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Dlagmm of the thoracic duct. 
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coDtaiiu, beeidee the lymph and chyle, the white blood -corpuscles 
derived from lymphatic glands. The latter are especially numerous 
on the lacteal vessels of the mesentery, through which the chyle 
ilowB on its way to the thoracic duct. All these substances become 
modified after entering the blood, and, except the water and some 
of the salts, are no longer recognizable under their original form. 

Water may he absorbed from the intestines in an almost unlimited 
quantity. A weak solution of common salt may become partly 
absorbed; but if salt elements be present in the solution in great 
quantity, as in large doses of sulphate of magneeium, absorption is 
then stopped, and even reversed. In this case, instead of the fluid 
parts of chyle passing inward by endosmosis, exosmosis takes place^ 
causing thereby copious watery stools. With fat there is a similar 
phenomenon. A small quantity is absorbed by virtue of the alka- 
linity of the intestinal juices and the presence of pancreatin; if 
however, fat is present in excess, it acts as a laxative and passes oS 
with the feces. 

Lymph is the fluid in the lymphatic vessels absorbed from the 
tissues of the body. It is a whitish yellow, transparent, juice-like 
liquid, salty to the taste, alkaline in reaction, and having a specific 
gravity of 1022. It is composed of water, fibrin, albumen, fat, and 
salts. It coagulates like blood when withdrawn from the vessels; 
that is to say, on account of the fibrin present, it separates into two 
parts — fibrin (a solid), and serum {a liquid). The same propelling, 
infloences are brought to bear on the lymph as on the venous blood. 
In the average adult, about sixteen and a half ounces, or about 200O 
grammes, are daily absorbed and conveyed to the blood. Lymph 
is derived from the metamorphosis of the tissues, and passes into- 
the circulation, to be transformed in part into other matter, the 
residue being eliminated from the system by excretion. The lym- 
phatic vessels are very thin, delicate, and transparent, nearly uni- 
form in size, and somewhat nodulous, on account of their numerous 
valves — being similar in valvular structure to veins. These vessels 
are arranged in two sets, the superficial and the deep. The former 
are found immediately beneath the skin, and join the deep set in the 
submucous and subserous areolar tissues. The deep lymphatic 
vessels accompany the larger blood-vessels. The lymphatic capil- 
laries originate in the tissues by plexuses, and lie between the plex- 
uses of capillary blood-vessels. There the various fluids transude 
from one set of vessels to another set; the arterial blood nourishing 
the intervening tissues, while at the same time the veins take up the 
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hlood, and the lymphatic vessels sbsorb the worn-out material 
The molecular activities of the tissues, and the alternate contractioi 
and rdaxation of the muscular fihres during muscular actiritf 
crease the metamorphosis of the tissues and the quantity of lym 

Lymph GlandB. — The lymphatic capillary vessels enter lyi 
phatic glands, which vary in Fize from that of a small pea to 
of a small walnut, and are situated in the course of the lymphatic 
vessels {Fig. 14). Lymph contains white blood-corpuscles, formed 
in the lymph glands, and are carried away by the stream of lymph 
flowing through the glands. These glands are very numerous la 
the neck, axilla, chest, abdomen, and especially in the mesentery 
and groin. In the latter situation the glands sometimes become 
inflamed, and bubo results. Lymphatic vessels are found in near] 
all parts of the body, the exceptions being the cornea, the vitreoi 
humor of the eye, and the peripheral epithelial coverings. 

The chyle of the abdomen and the lymph of the left side of th) 
body and arm, and of both legs, are conveyed to the thoracic duct,' 
thence into the left subclavian vein {3, Fig. 14); while the lymph 
of the head, neck, and right side of the chest and arm, enters the 
circulation at the junction of the right subclavian and right inter- 
nal jugular veins (5, Fig. 14), In this manner all the absorbed 
substances of the body are collected, and become mingled with tl 
venous blood, just before entering the right side of the heart. ( Vi 
Intestinal Digestion,) 

Osmosis is the interchange of liquids through organic mem- 
hranes or tissues. Sndosmosis is their passage from withoi 
inward; while ExoBmoais in their passage from within outwai 
In the living body, the membranes and tissues are all fresh; aiu 
with the presence of fluid-matter containing sodium chloride, ai 
the proper normal temperature, the conditions for endosmosis Had 
ex osmosis are present. Egg-albumen is non-osmotic; t. «., it does 
not pass by transudation through an animal membrane, on account 
of its adhesiveness and gelatinous consistency; nor does the albu-, 
minoUB matter of the blood exude into the secreted fiuids withoi 
being acted upon catalytically and dialytically. A certain pi 
ure is necessary to obtain the result. If the dialytic pressure 
the capillary arteries be increased, while obstruction to the venoi 
capillaries exists, the albumen transudes with the saline and watei 
parts of the blood, infiltrating the tissues of the affected part. 
this way a collection of blood-serum in the cellular tissue unddr 
the skin takes place, called (Bdema, a general ana9arta,oT di 
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CHAPTER Vlir. 

THE BLOOD. 

The Blood is a red liquid that circulates through the cavities of 
the heart, art«rie9, veins, and capillary vesseis. It consists of the 
liqiur sanguinis, with minute red and white bodies, or corpuscles, 
floating independently in the liquor sanguinis in large numbers. 
The corpuscles form by weight about 45 per cent and the plasma 
about 55 per cent of the blood, or by volume about 60 and 40 
per cent, respectively. The specific gravity of the blood is 1055. 
It is slightly alkaline. 

Ked Corpaacles. — Art«rial blood contains about 6 millions of 
red corpu.soles in each cubic milleinetre. In form the corpuscle ia 
a spheroidal biconcave disc, in size from about 6 to 8 micromilli- 
metres {l-3200th of an inch) in transverse diameter (1 and 2, Fig. 
16), and about l-6th of the transverse diameter in thickness (3). 
It has no external envelope and no nucleus, and is composed of 
water, albuminous and coloring matter, iron and mineral salts. It 
ie jelly-like in consistency, and very flexible, and therefore easily 
elongated in the course of circulation, capable of twisting, bending, 
aod passing through narrow and tortuous channels. In fact, it will 
pass through vessels having a smaller diameter than its own, regain- 
ing its original shape as soon as the pressure or traction is removed. 
Itfl form is determined principally by external influences; i. e., 
by imbibition of oxygen, fluid, or by tissue pressure. If water be 
added to the blood the red corpuscles absorb it by imbibition, where- 
upon they loee their concavity, and become pale and spherical. 
Strong alkaline solutions, such as sodium, potassium, or ammo- 
nium, dissolve the whole substance of the corpuscle with more or 
lese facility. After circulating for a time through the capillaries 
they become dissolved in the liquor sanguinis. The red corpuscles, 
when examined shortly after being drawn from the vessels, adhere 
together by their surfaces, and appear like rolls of coin or rouleaux 
(1, Fig. 15). The white corpuscles, by an inherent power, constantly 
undergo change of form (4), in the same manner as the ani<f hie. 

The Hsemoglobin, or red coloring matter, is the principal con- 
stituent of red blood-corpuscles, making up about 90 per cent of 
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tfa«ir sobetance It is an albomtnid (prntvid), completlj 1 
witliin the corpuscles, poesibly during the circaUtioa of tte 1 
through th« right rentricle of the heart and through tbtt < 
, Uriea of the Itmgs. The hsemogtobio of arterial blood noMJili 
: Carbon, abont So parts; oxygi^n, 213-5; nitrogen, 14; hTdl9- 
n, 8; iron, 1; and solphnr, 0.15; incloding the two co aip o oa da 
fbfru/in and hxmatin. During ita circulation throagfa the capil- 
lariee of the tissues its chemical constituents change^ so that the 
hemoglobin in the corpuscles of reins near the capiUaries eonststa of 
carbon, about TO parts; ozjgen, 4; nitrogen, IS; bjiliogm, & TImsb 
changes of ctKietitoenU and color are effected during the blood's ctr- 



Rg. 15. 




Diagram of Human Blood-eorpOBcIes. 

1, Bed eotpoaclcs Ifing in rooteaox. S, As thev *pprmt 

«■ tlinr Cat floifaee. 3, Aa seen from the ai^, exJiii 

dooUe-eOBcai* farm. 4, White avpnadea O wnwjl— 1 

their ehaogea at form and movemesta, ■■ the BBKrix 




D throQ^ the capillaries of the longs and the ttaeocL ! 
1 ia a powerful abeorbent of oxygen when in contact with tfaa 
The bright red color of the corpa^rles depmda apoa 
I tbeqaanthy of hcm^^lobin and oxygen present. ^Vfaeo par« bcmo- 
f ^ofain is separated bxaa the corpuscles and diuolTed, it may b» 
I oyvtaUiaed. It ta diaBoIred btemoglobin which imparts to moacu- 
I ]ar liiMiii ita reddish color. 

Tbe pnnai»l fnnctiwi of the red corpuscles is to carry oxygen, 

vluch UwT' bold in kxne combination. In certain of the lower ani- 

t are larger though less numerous than in the 

; hmce, their vital fonctions are lower. In ani- 

I awb wfaoM nd corpnsks are small and namenma, the innctiotts irf 

t, eitmlacion, nutrition, and motion «i« corresptKuluDgly 

Aa the red «HpnscIea have no noclei, tbey canitot htt 

[ pacfMRd hj the blood; they are replenished by the transtonDaUoa 

I jB tbe I1119 ol tbe yoong white eoiposcks, which originate in Uw 



i Ajit, lymphatic glande, spleen ( ?), and red c 
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ktiMnlly fwifig into tbe great venoos tnmks. In the fonnatioHJ 
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' of red corpngclea a fresh supply of oxygen is absolutely essential. 
The constituents of the blood are present only temporarily, as they 
undergo chemical changes continuously in the different organa and 
tissues. In 1000 parts of healthy normal blood about 790 parts are 
wat«r and 210 solids, the latter including the corpuscles (134 parte), 
albumen (52), salts (S), fats (5), sugar (2), fibrin (3), and waste 
matter (6). By evaporating the 7& per cent of water from the 
blood, there remain 210 parts, or 21 per cent of solid residue, the 
ultimate chemical composition of which resembles that of muscles. 
When the red corpuscles are in excess in the blood, a pathological 
condition, or plethora, takes place, exhibiting itself in hivmorrhage 
or local congestion. Should they become deficient in number, 
antemia results. To these corpuscles belong the special function of 
taking up oxygen from the a..niosphere or air in the lungs. They 
contain an intercellular fluid substance of denser consistency than 
the serum, which, from the fact of these corpuscles being in the 
blood, is classified as tissue. This tissue, above all others, changes 
its chemical constituents and replaces its losses most quickly. 

White Corp UBcles.^ Under normal conditions, the white cor- 
puscles are not so numerous as the red, being about 1 to 300. They 
are about l-4th larger than the red— t. c, about l-2500th of an inch 
in diameter — and are of irregular shape (4, Fig, 15). They con- 
sist of a soft, viscid, colorless, finelygranular substance. Each white 
corpuscle has a nucleus, differing in this respect from the red corpuscle. 
A strong alkaline solution dissolves them. These corpuscles are en- 
dowed with amaboiil motion; i. e., they move very slowly, and some- 
times stop fora few moments and adherelo the internal surface of the 
veesel. When the circulation of the blood is normal the araceboid 
movements cannot be seen; but if the blood be withdrawn from the 
veesel and kept at a normal temperature, they may be seen to change 
their shape, like the amoeba, by alternate contractions and relax- 
ations o( their substance. Whenever the blood current in the vessels 
or tissues becomes obstructed or retarded, the white corpuscles ac- 
cumulate, and become more numerous in proportion to the red ones in 
the part affected. It is believed that the white corpuscles originating 
in the spleen (?), red marrow of bones, and in chyle become red by 
the absorption of oxygen in the lungs, but that those originating in the 
lymph-glands remain white; also, that the white corpuscles can pass 
through the walls of capillary blood-vessels into the surrounding 
tlBsne, where they form corpuscles of pus (pus cells), or inflamma- 
tory lymph, and BO play an important part in pathological processeH. 
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A poison working in the body canQot always be found in tl 
blood — e. g., the poison of small-pox or vaccine lymph — though 
pustules and lymphatics eihibit parasitic life. The presence of o 
in the blood in cases of measles seems to be an established fact, 
though the effect of an Injection of measle-blood into a healthy per- 
son is yet in doubt; eome experimenters have failed to produce a true 
measle disease, while others claim success. In this disease ihi 
her of red blood-corpuscies is diminished, while the number of the 
white is increased. The blood appears thin, dark, with diminished. 
iibrin, and in fatal cases may infiltrate and stagnate in the tissues.. 

Blood-plasnia is a transparent, colorless, homogeneous liquid, 
with blood- cor (1 use les held in suspension. In 1000 parts of plagms 
there are about 900 parts of water, 77 of albumen, 3 of fibrin element^, 
8.5 of other nitrogenous and organic substances, 2.5 of fal, and about 
i) of salts, such as sodium and potassium chlorides, carbonates, and 
phosphates, lime and magnesium phosphates. These salte are of- 
importance to the system. They render the blood alkaline, a pr^i 
requisite to nutrition, as its alkaline condition enables the blood>' 
plasma to neutralize the acid (a form of lactic acid) of the various' 
tissues. This reaction results in the generation of carbonic acid 
elements, which are carried to the lungs, skin, and kidneys. Ini 
these organs the carbonic acid gas is secreted and eliminated. ( Vide 
Carbonic Acid in chapter on Respiration.) The alkalinity of tha 
blood also facilitates endosmosis, as well as the absorption of fattyj 
substances, which could not otherwise take place, especially i 
alimentary canal. For the purpose of nutrition the most inipor>l 
taut ingredients of the blood-plasma are the albuminous matters. 

The serum of the blood is derived from the products of digestion 
and absorption. The blood -corpuscles, as well as the secreted juices 
are elaborated by fixed organs, and depend on them for the main- 
tenance of their normal condition; it is important, therefore, that, 
these fixed organs perform their functions perfectly, a disturbancaj 
in any organ changing the normal composition of the blood am 
leading to a perversion of function called dyacraHa. A dyscrasii 
of the blood itself is not common, the trouble arising generally 
one or more of the fixed organs. 

The blood's circulation diffuses the nutritious substances through- 
out the tissues, and conveys all the material to the parts where heat 
is generated, and supplies heat where lost by exposure. It also takes 
up and conveys waste products to the places of exit f 

The rate of movement of the blood current varies. 
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dariDg its systole, or the contraction of the ventricles, its velocity 
reaches 1200 millimetres per minute; in the descending aorta, 300 to 
600; carotid arteries, 200 to400; venie cavse,200; radial arteries, 100; 
and capillaries, 5. The average velocity of the blood in the arteries is 
from 20 to 30 centimetres per second. The rapidity of the circula- 
tion is such that the blood makes the entire round of the body in an 
adult in about 30 seconds. The amount of blood in the system is 
much greater during the time of dijjestion than during the period of 
abstinence. Normally, it is about 12 per cent, or l-8th the weight of 
the body. In caee of death from hemorrhage about one- fourth of 
the blood remains in the body. 

Each tissue absorbs from the arterial blood the particular mate- 
rials it requires for nutrition, such as fibrin by the muscles, fatty 
substances by the nerves, gelatin and earthy salts by the bones, 
while the milk cells (during lactation) separate albuminous, fatty, 
and saccharine substances. Owing to the abstraction therefrom of 
the elements of nutrition in the tissues and secreting processes, the 
blood in each organ undergoes an alteration in its constitution, 
rendering it for the same purpose, unfit for further use. The 
venous blood concentration and intermixture in the heart is, there- 
fore, rendered necessary to avoid deterioration and to maintain its 
normal composition. 

Matters entering the blood may be quickly and completely elimi- 
nated, or more or less retained, even for years exhibiting it effects. 
This is illustrated in the introduction of the poisons of vaccine 
virus, syphilis, and of other chronic diseases. That this persistency 
is due to the blood carrying the morbid matter is proven by the fact 
that the same kind and parts of tissues become affected in organs on 
both sides of the body or limbs, the same kind of tissue in other 
parts very often remaining unaffected; also, by the existence of a cer- 
tain adaptation, peculiar to each individual person, between the 
blood and the tissues. It seldom occurs that even the same kind of 
tissues become in all persons siraultaneously, similarly, or as severely 
affected. Impure or bad blood depresses and weakens the nervous 
system especially, its gray matter being the most delicate of all 
tissues, and soonest affected by faulty or insufficient nutrition. 

In the disease termed chlorosis the red blood -corpuscles are 
considerably reduced in number, the blood appearing watery, though 
really having no more water than usual, and being lighter in color 
than when normal. This chlorotic condition does not depend on the 
disease or decay of these corpuscles, but upon their imperfect and 
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insufficient reproduction. In most cases cblorcwis IB a ccmgeiuta 
disease, depending on dyecrasla. It oconrs most fre(}Uently in young 
i«mal«e. exhibiting itself in fatigue, palpitation of the heart, pains 
in the back and hipe, fermentation and flatulence in the stomach'! 
and bowels, and constipation and an unnatural appetite for chal 
lime, and other absorbents — all the symptoms indicating a weakm 
of the digestive organs and general debility. As the disease 
vances the face and skin of the body appear greenish while, 
feet become oedematous, and there is a condition of general am 
mia. 

Another disease simulating chlorosis is called leucocythamia, 
which may more properly be termed Uttcofythamplio, indicating a%. 
abnormal increase in the number of white blood -corpuscles. The dii 
ease is commonly known as the tchite-blood diuate. In chlorosis 
blood appears watery, in leucocythamplio white. In the latter 
ease the relative proportions of red and white corpuscles is changed, 
so that instead of 300 there may he only 50, 20, or 10 of the red to 
one of the white, or they may even be equal in number. In this 
affection an increased production of white corpuscles in the spleen (?) 
and lymphatic glands takes place. This is shown by the fact that 
the veins and absorbent vessels which carry the blood and products 
from these organs contain not only more white corpuscles than under 
normal circumstances, but more also than the arteries that supply' 
them. In leucocythamplio the spleen is always considerably en- 
larged (splenic tumor — hypertemia). The blood in the vessels of the 
polp of the spleen, as well as the contents of its lymphatic vessels, 
flowing more slowly, an accumulation takes place, and consequent 
swelling results. When the spleen has been distended for a time, 
an increase of new capillaries (hyperplasia), or enlargement of its 
entire structure, and overproduction of its white blood-corpusclee, 
follow. This leucocythamplic process, or swelling of the spleen, 
generally causes simultaneous enlargement of the lymphatic glands, 
which may lead to chronic inflammation of the peritoneal covering. 
The blood in malarial disease is deficient in albumen, fibrin, and 
red corpuscles, which explains the co-existing antemic condition- 
palpitation of the heart, and cedematous condition of the akin. In 
this disease the liver and spleen are always enlarged, the enlarf 
ment of the spleen being brought about by the damming up of 
blood in the portal vein and its tributaries. Again, the blood 
defectively developed, owing to the deranged state of the stouiai 
bowels, and blood-making organs. 
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The CDB^lation of blood depends on the presence of fibrin. 
Fibrin, though present in such very small quantity (only 3 parts 
in 1000 of blood), exhibits its great importance. When blood is 
^adually withdrawn from the blood-vesael. it is this fibrin which 
causes its coagulation. Fibrin, however, does not exist in blood as 
snch. There are two Bubstances — the globulinof the corpuscles and 
fibrinogen in the plasma — which unite to form the fibrin of the coag- 
ulum. A portion of thefibrinouaelementB of blood disappears in pass- 
ing through the capillary circulation, showing that venous blood 
contains leas of these elements than arterial. In the liver and kid- 
neys it entirely disappears, so that none is found in the renal and 
hepatic veins. This demonstrates clearly that it is produced else- 
where, and is always of recent formation, its quantity remaining un- 
changed. When a congenital deficiency of fibrinous elements exists 
in the blood, no clot can form in a ligaled vessel; so that if a liga- 
ture be applied and afterwards removed, bleeding begins again. 
Another ligature is likewise followed by a secondary hiemorrhage. 
In these cases of dyscrasia any slight wound or minor operation may 
be followed by a fatal hsemorrhage. Fibrin elements are present 
also in chyle and lymph, which therefore coagulate like blood when 
withdrawn from their vessels. 

Before coagulation the blood consi.sts of: — 

f CorpUBClea. 

pl'.Tr''"!™"""'-'"^ the J Albumen. 
' Water. 

(.Salts. 
Coagulation changes it: — 



! Albumen. 
Water. 
Salts. 

In from 12 to 24 hours after death the blood generally coagulates, 
even in the heart and larger blood- vessels. Duringlifeitmaycoagu- 
late from local arrest or an impediment in the circulation in a particu- 
lar part. If blood be accidentally extravasated into the connective tia- 
Bue, the substance of the brain, spinal cord, or serous cavity, or if the 
circulation in a blood-vessel stops, it coagulates. If a ligature be 
placed upon an art«ry (A 1, Fig. 16) the blood coagulates (2), the 
clot filling the vessel and extending from the ligatureup to the near- 
est arterial branch [5) towards the heart — t. e., the point at which 
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the circalatioo contiaaes. The ead (1) of the ligated ve8E«l unrards 
rtg. le. the periphery completely contracts. 

When the blooiJ gradually coapi- 
lales upon the inner surince of the 
ves^l it forme a partial throtubus 
(C 6. Fig. 16). through the open 
^^. ■■" center of which it may continue to 

Y/y^k ^\ \\ fl***"- A traneveree section of such 

^j^ H- II I thrombus looke like a tube with 

■ ^ LJ LJ ^hick walla (D). The thrombas 

I ^^n '"''^ Viecome complete, however, if 

B| W the general circulation becomeseo 

■=^\^ eluggish as to rerult in an increased 

I dc'poeit of fibrin. The materials 

of coagulated blood, after solidifi- 
cation, lose their original proper- 
tiee, which cannot be restored, 
being similar in this respect to the 
albumen of a hard-boiled e^. 

A ThrombaB is a clot of coagu- 
lated blood in a blood-veeael 
(B 4, Fig. 16) produced by the adhesion of fibrinous molecules one 
to another. Having strong mutual attraction when in contact, 
the molecules tend to expel with increasing force the fluid con- 
tained, thus forming fibrin. If a fibrinous formation take place in 
the circulatory apparatus, It usually assumes the shape of a conical 
plug, filling up the luraeu of a small or medium-sized vessel towards 
the still open blood-current by a conical point, and creating thus 
obstructing thrombus (4). The thrombus, then, is a foreign bodyii 
It may become absorbed, in which event it gradually diminishes 
size, disappearing in a few days, or in as many months 

Thrombi diHer, however, in structure, the structural peculiarit] 
depending upon the rapidity or slowness of formation. If an artei 
be ligated and the thrombus form rapidly, it consists of unstriated' 
fibres mingled uniformly with red and white corpuscles regularly 
dispersed; but if formed slowly, the white corpuscles lay stratified. 
The red corpuscles, with the fibrinous material of the blood, form 
the principal mass of a thrombus, which, when the corpuscles part 
with their coloring matter (which quickly takes place), appears white. 
If a clot form in the pulmonary veins, or left side of the heart, 
may pass either to the brain, at the middle cerebral arteries 
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neighborhood of the Sylvian fissure, to one of the kidneys, or it may 
lodge in the popliteal artery behind the knee; if formed in the venous 
ByBtem. or right sideof the heart, it will enter the lung. If the clot 
be not larger than a blood corpuscle, it may eaeily pass to a capil- 
lary, but ii it exceeds this riae it will remain and occlude the veepel 
whoee lumen, or size, it cannot pass, thereby producing an emho'.igm. 
The blocking-up of a large vessel brings about an anemic condition 
of the orgaa aSecled; if the obstruction occurs in capillaries it soon 
produces excessive congestion, as they fill up from all sides with 
blood. The pressure may be high enough to produce hemorrhage 
by rapture of the vessels, the stagnation preventing nutrition of the 
part. At the height of typhoid fever the blood is very dark-colored ; 
if coagulated, presenting a small and soft clot. In scarlatinal rheu- 
matism the blood is liable in certain parts to coagulate, so that in 
severe or fatal cases some of the peripheral arteries and larger veins 
are generally found to be blocked, the former with emboli, the latter 
with thrombi. White blood-corpuscles have also a great affinity for 
each other. During health nothing but the rapidity of the blood- 
current prevents tbeii adhering to each other and their excessive 
accumulation. 
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THE CIRCULATION. 



The digested nutritious substances which puss through theintesti* 
Dal canal, are abeorbed partly by the capillary veins, partly by 
the lacteal vessels, and carried into the general circulation by two 
great channels. The venous blood of the intestines, stomach, and 
spleen is carried to the liver, and from there into the inferior vena 
cava, which discharges into the right auricle of the heart; while the 
lacteal vessels carry the chyle into the thoracic duct, which dis- 
charges into the left subclavian vein at its intersection with the left 
internal jugular. In this way the nutritious fluids are mingled with 
the circulating blood. Arriving at a muscular pump (the heart), tha 
blood is forced through strongly lined arteries, whose walls gradually 
become thinner as the branches grow smaller. At last it arrives at 
the delicate network of art«rial capillaries, consisting of single mem- 
hranouB tubes, through which the nutrition? substances of the blood 
ooze, and serve as nourishment for tissues. The remainder is carried 
by the capillary veins to larger and still larger veins, finally empty- 
ing into the heart. 

Dr. Harvey first described the circulation of the blood in 1628*. 
The manner, however, in which the blood passed from the art«nea 
to the veins still remained shrouded in mystery. Dr. Malpighi, who 
was born in the same year (1628), afterwards discovered, by the aid 
of a magnifying glass (microscope), the htood corpuscles, and the paa> 
sage of the blood from the arteries through the capillarie» to the va: 
The circulatory apparatus consists of four parts: 
Heart.^A hollow muscular organ which propels the blood- 
Arteries. ^Membranous, elastic, pulsating canals which conv^j 
the blood from the heart to all parts of the body. 

Capillaries. — A network of minute tubes, which bring the bl 
in contact with all the tissues. 

Veins. — Vessels which receive the hlood from arterial capillarit 
among the tissues and return it to the heart. 
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The Heart is a. muscular structure suspended iu a closed bag or 
BBC termed pericardium. It is divided by a vertical and a trans- 
veree partition into four cavities — two auricles (A, B, Fig. 18), and 
two ventricles (C, D). The shaded portion {3, Fig. 17) is called the 
right, TCQOua, or pulmonary heart, because it sends the venous blood 
lo the lungs; the unshaded portion is called the left, arterial, or 
BjTBtenjic heart, l>ecaUBe it sends the arterial blood into the general 
Byslem. The heart is thus the center of a double circulation — a 
Ueier circulation of the fig. it. 

blood, from the right half 
of the heart through the 
lungs to the left half; and 
a yrtatfr circulation, from 
the left half to the gen- 
eral system, the blood re- 
turning to the right half. 
Its size is about that of 
the closed fist, the average 
weight being about 11 
ounces in the adult male, 
and ntnein the female. It 
18 attached to the spinal 
column, and suspended 
somewhat freely in the 
cavity of the chest, its 
^:reat blood-vessel s passi ng 
through the mediastinum. 
The heart has eight ori- 
fices; (our in the auricles, 
of which two are for the 
veniBcavse(5and6,Fig.l8) 
one for the coronary vein 
in the right auricle, and 
one (properly four) for the 
pulmonary veins (9) in 
the left; two auriculo-ven- *. P»rt nt upper ei 
tricular (1 and 2) between the auriclee and ventricles; one aortic (4), 
and one pulmonary (3), Six of these orifices have valves (the in 
ferior vena cava, the two auricuio-ventricular, aortic, pulmonary 
and coronary), which guard these orifices, in order to preclude the 
regorgitatjon of the blood. 




Sketch of tho blood circulation. 

, Tbe beftd. 1. Lun(, 3, Hssrt. 4, Llnr. fi. Splae 
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In the right auricle, the inferior vena cava (5) is guarded bylhe* 
EuBtachian valve, while the superior vena cava (6) has no valve. 
f 'B- 18. The right auricle has also the valve oJ 

Thrheiius, or coronary valve ( not shown' | 
in Fig. 18), guarding the coronarj 
vein at a point between the orifice o 
the inferior vena cava and right auri 
ulo- ventricular orifice. The tricugpidil 
valve is at the auriculo-ventricular ori- J 
iice (1), between the right auricle and ' 
right ventricle. The orifice of the pul- 
monary artery (3), in the right ven- 
tricle, is provided with three semilunar 
valves. The orifices of the pulmonary 
veins (9), in the left auricle, have no 
valves. The mitral valve (2) guards 
Diagram of Ihe Cavities of the left aiiriculo-ventricular orifice. I 
the Heart. The aortic orifice (4), of the left v 

A.Rightauride. BLeftaur- triclc, has also three semilunar valvM. 
icle. C, Right ventricle. D, m. .. . e ... , , 

Left ventriclte. ^^^^ the two orifices of thevesse's (the 

1, Tricmpid valve. 2, Mitral pulmonary artery and aorta, 3 and 4,) 
valve. 3, Semilunar valvea of that have to stand the greatest press- 
pulmonary artery, 4, Semilti- urf) are supplied with three valves. la , 
nar valves of the aorta. 6, In- ^^^^ ^^^^^ ^^ey have only two valves. 
v^7^ir 7!"pulmonarrart- The walls of the ventricles are much 
ery. 8. Transverse aorta. B, thicker than those of the auricles. That 
Pulmonary veins, 10, Descend- of the left ventricle is about four times 
ing aorta. ae thick as that of the right, constitut- 

ing the greater part of the heart, and indicating the difference in 
proportion of work accomplished. The blood which nourishes tha 
heart itself is supplied by the coronary arteries— two branches from 
the aorta immediately above the semilunar valve. This blood, after \ 
having discharged its function, is carried to the right auricle by tha I 
coronary veins, and has the shortest circulation of any in the body. 1 
The two venous blood streams of the vena; cavie {5 and 6), in pour- I 
ing into the right auricle, cross each other; i. c, the blood of the two I 
veins passes into the auricle downward and forward, thereby inter- 1 
mixing thoroughly. From this auricle it passes into Ihe right ven- 
tricle with sufficient force to turn upon itself; then it is forced upward! 
from that ventricle through the pulmonary artery into the lungs, to ] 
give up its carbonic acid and receive oxygen, thereby changing from I 
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venous into arterial blood. This arterialized blood pasBes on through 
the pulmonary veins to the left auricle, and downward into the left 
ventricle, wLere it makes another turn upon itself, and is forced from 
that ventricie upward into the aorta, and through the entire arterial 
pyBtem. Thus the blood currents ara forced through the cavities of 
the heart with a spiral or twisting motion, caused by the alternat« 
contractions, with relaxations of its walls, termed cardiac piUaation. 
This produces two sounds. The first is distinguished by placing the 
ear to the chest over the fifth rib and fifth intercostal space, where 
the sound is loudest; the second, following the first almost immedi- 
ately, is heard beat and most distinctly over the sternum at the 
level of the third costal cartilage, directly over the semi-lunar valves. 
The first sound is caused partly by the muscular contraction of the 
cardiac fibres and tension of the auriculo- ventricular valves, at the 
time of the ventricular contraction, but mainly by the apex of the 
heart Btriking against the inner wall of the chest. The second, or 
aortic sound, is caused by the sudden closure and tension of the 
aortic and pulmonary (semi-lunar) valves, lasting half as long as 
the first- For one-fourth of the whole time of pulsation the heart 
is at rest. When its muscular fibres are relaxed the blood enters 
the cavities, causing dilatation, termed Diastole. At once the ven- 
tricles contract and forciblyexpel the blood, termed Systole. Simul- 
taneously with the contraction of the ventricles the apex of the 
heart moves slightly from left to right, and so rotates upon its own 
axis, as it were. These movements of lateral inclination and rotation 
are caused by the spiral arrangement of the muscular fibres in the 
wall of the heart. During the diastole, the transverse diameter of 
the heart increases and its length diminishes; while during the 
systole the reverse occurs. Each cardiac pulsation is a double con- 
traction and relaxation, the former commencing at the auricles, fol- 
lowed by the ventricles; then comes a short interval of repose. The 
auricular contraction is short and feeble, the ventricular being more 
powerful and lasting longer. These two forms of contraction do 
not alternate exactly, but are connected and continuous, appearing 
as one regular motion only, termed rhythm, and ranging from 70 to 
75 per minute in the adult. 

It may at first sight appear absurd to state that the respiratory ac- 
tivity o£ the lungs and the pulsative activity of the heart are peri- 
tlaltie in their nature; i.e., incited to normal activity by or through 
local contact, the lungs by contact with carbonic acid and air, and 
the heart by contact with the carbonic acid of the moving blood — in 
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■bort, that the primary phjBicsl or cbaucAl stimnlatkit) for nom*l 
action in organs and cells is from local sUmoLation in alt. As soon 
OS we come, in oar pbjviolofical inqoirice, to consider more fully 
the eimple lam of natare. and drop ail explanations not based on 
fact, or not borne oat bj mlid reasoning and dedaction, we will be- 
gin to truly comprehend the physical laws of the haman economr, 
and not before. Ko one has ever proved conclusiTely that either the 
eo-called "vital spot" of the mednlia oblongata, the spinal cord 
pnenmogBstric nerve, cervical or cardiac plexus, or ganglia, are, 
singly or combined, the primary cause of the heart's normal action; 
and this remark applies just as forcibly to the normal activities of 
the lungs. To say that all or any of said nervnos organs are the 
primary cause of the heart's or lung's activities, is to contravene the 
law of nature- No physical body possesses the innate power of 
changing its condition with reference to motion; this is caused 
only by another body's power of producing motion. Take away 
from the heart the moving hlnod as a local stimulus, or the moving 
carbonic acid and air from the lungs, and they will cease to act, 
despite the efforts of all the nervous organs mentioned. The car- 
bonic acid stimulua on the right half of the heart produces a reflex 
impulse through the circulatory centre of the medulla oblongata 
on the entire heart, similar to the stimulus to the lungs, which pro- 
ducej reflex impulses on the reepiralory muscles. It might be ob- 
jected, in opposition to this view, that if we produce a slight lesion 
only at the "vital point" of the medulla, the lungs and heart will 
8top. So they will, but in either case it would be simply an inter- 
ference with the normal activity of these organs. Every argument 
must have a resting point, or point d^appui — a fact. All that is her* 
claimed is that the primary cauM of every normnl activity of any organ 
or cell idtbin llie vital animal economy, other than psychical activity, 
pertains to aen»ation. Now, as no one has yet determiued satis- 
factorily the priviary cause of the normal activity of the lungs 
and heart, it is permissible to turn in another direction in our search 
for that primary cause. This we have done, and have come to the 
conclusion that it is found in the sensibility of the organs them- 
selves. Again, to every chentical or physical action, so far as motion ia 
erned, there in an equal and opposite reaction, which may reason- 
ably be termed peristaltic as regards the normal functional activity 
of an organ or cell in the manifestations of vital animal life. 
Vid$ Capillary Action; Tactile Corpuscles; Pacinian Bodies; 
il Sensation.) All nonnal actions of the nervous »ygtem on 
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t and Iun^"in fact, on any organ of the body (other than 
nervous c«ntree) — ^are of indirect origin, and any voluntary or in- 
volontary nervous action, on body or limb, is through reflex only. 

The natural physical tendency of any portion of the body ia that 
of contraction, cohesion, and rest; consequently, the normal state 
of Bpbincters is contraction and rest, and simple touch, locally 
applied, increases their contraction; or, when the nt-rvoue system 
acts upon them, through an opposite reflex action, the sphincters 
dilate. Though this is necessary for the ejection of excreraentitious 
substances and for the comfort of life, the nervous action ia in each 
case reflex aa regards the organ acted upon. The sphincter has been 
selected as a good illustration simply. The stimulus of light on the 
retina acts similarly in effecting a reflex impulse on the iris, though 
in this case for the purpose of contraction. 

It is not, by any means, the object of this argument to belittle 
the importance of the nervous system; for in the higher animal 
it performs a higher function than any other organ or system of or- 
gans. Through it all the activities of the body are reflected and 
the organs brought into harmonious and sympathetic relationship. 
The sole object here sought is to point out that Itie nervous centres are 
not, in a tingle intltmce, Ihe prtviary cause of normal organic actions 
outside of themselves; and that these centres have their own local 
action simply, just t>s other organs have, brought about by their 
own irritability and sensitiveness, when the proper stimulus is ap- 
plied. Thus is revealed the miasing link — the phenomenon of low 
animal organic life existing without a nervous system. All the 
laws of nature, although not fully understood, are simple. The 
shortcoming of our reasoning powers is nowhere better illustrated 
than in the laws governing our own body. For hundreds of years 
the best scientific minds have been occupied in explaining these 
laws, and still many of them are not even yet fully understood. 
This deficiency can lie only in the fact that we do not adhere to the 
simplicity of the laws of nature and of life, but continually strive 
to introduce explanations aa vague aa they are unphilosophical and 
unreal. Through all the phases of organic nature, we are brought 
face to face with manifestations of a power above the merely phya- 
ical and chemical. Try to explain protoplasm and the activity of 
cells on merely physical or chemical grounds, or on both, and the 
question as to how the protoplasm and cells of the human economy, 
or other of the higher forms of animal life, become endowed with a 
power and activity superior to the alleged causes of their production. 
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must certainly remain unanevi-ered. There is but one sotatioi 
and this is hased on the admission of a rilat principle, or »ovl. 
author does not deny that physical and chemical forces play 
part in the phenomena of organic life, hut he strenuously holds 
that there is a power and activity above and superior to these, and 
without which growth and nourishment — in a word, that activity 
Bo much beyond and distinct from the physical and chemical — can- 
not be acciiunt«ii for. 

In Syncope, or fainting, there is failure of the heart's action, 
causing a suspension of the circulation and an entire cessation of 
power in both brain and spinal cord, followed by more or leas loes 
of sensation and muscular movement. Such a condition may also 
be brought on hy some powerful emotion. The reflex actions of the 
nervous centres on the muscular system, respiratory and circula- 
tory apparatus, are, in such a case, interfered with. The heart ia 
easily affected by sentimental emotions, collectively or separately 
such as love, hate, joy, or grief, each of which is capable of inter- 
fering with the reflex actions. While the cells of the cerebral con- 
volutions are endowed with the power of receiving impressions 
through the sensation caused by the soul, and thereby affecting the 
heart, or any other organ — this, as in the case of an impulse from an 
external (organ) sensation, can only be through reflex action, in so 
far as the nerve impulses are concerned; for the cells of the cere- 
bral convolutions have no direct communication with any organ 
other than nervous centres, so that the stimulus from the vital 
principle causes an impulse on the cells of said convolutions, and 
the impulse is forwarded to another nervous centre, where it is 
reflected. If, for instance, the impulse be reflected from the corpora 
quadrigemina, it may cause a sense of darkness l>efore the eyes; 
from the cerebellum, either activity or loss of muscular power; from 
the medulla oblongata, either increased action or impairment of the 
respiratory system, circulatory apparatus, or digestive organs; from 
the spinal cord, generally relaxation of the sphincters. 

Arteries distribute the blood outwardly from the heart through- 
out the entire body. The Aorta Ijegins at the heart, and in its 
Course gives off large branches (arteries), which subdivide into 
smaller ones, finally terminating in capillaries in the tissues. The 
Walls of the Arteries are composed of three coats: an inner 
termed Umita intima, consisting of thin elastic lamime lined with 
gie layer of nucleated squamous cells; a middle, called tunica 
I, oonsistiug principally of non-striated muscular fibres encir- 
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cling the vessel transversely; finally, an external coat, the tunica 
adeentitia, consisting principally of elastic fibrous connective tisi'ue, 

The principal anatoniical distinction between the larger and 
smaller arteries is in the structure of their middle coat. In large 
arteries this coat consists mainly of thick connective and elastic 
fibrous tissue, which in the medium sized vessels is less in quantity, 
while in the smaller this layer consists exclusively of muscular 
fibres. The large artericB are therefore very elastic, with little con- 
tractility, while the smaller are very contractile, but less elastic. 
The capillaries consist of a layer of elastic connective tissue lined 
with nucleated squamous cells. 

The arteries possess two properties influencing the movement of 
the blood within; viz., elasticity and contractility. Elmlifify is the 
property by which the interrupted or intermittent action of the 
heart is made equable and continuous, chiefly in the larger trunks; 

! while cimtrar.tUity is more concerned in regulating the flow of blood 
in the smaller vessels. 
Arterial Pulsation is produced by the ventricular systole 
., (contraction) of the heart, forcing the blood into the arteries and 
I' distending their walls by the pressure exerted, and the subsequent 
ll contraction of the arterial walls. There are, therefore, two forces 
contibuting to produce arterial pulsations— the heart's contraction, 
'\ and the elasticity and contracting force of the arteries. The arte- 

Jrial distension and elongation increases with age, and the arteries 
finally become permanently enlarged, especially in their curvatures. 
\ During relaxation of the ventricles of the heart, the semilunar 
valves close, and prevent any movement of the arterial blood back- 
ward. The blood is thus forced onward under the pressure of the 
arterial elasticity and peristaltic action into the smallest capillaries. 
( Vide Capillary Action.) When the arteries have become partially 
emptied they are again distended by another contraction of the 
heart, and by this successive expansion and relaxation pulsation 
is produced. The blood flows much faster through the arteries than 
through the capillaries and veins. Its greatest velocity is in the 
aorta nearest the heart. The average velocity in the carotids is 
about twelve inches jwr second. As the blood approaches the cap- 
illaries the current diminishes in rapidity, owing to the mechanical 
friction on the arterial walls, also to the fact that the combined 
calibre of the capillaries largely exceeds that of the single vessel 
leading to them; so that in the capillaries the velocity is only about 
one and a half inches per second. No pulsation is perceivable in 
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□ataral law of gravity are supplied with a great number of check- 
valves formed by a doubling of their internal lining membrane, 
pocket-like folds, or pouches (Fig. 19). The other veins, such as 
the superior vena cava, pulmonary, renal, portal, and hepatic, have 
no such valves. The venous valves permit the blood to flow readily 
toward the heart, but prevent it from returning toward the peri- 
phery. The flow of blood through the venous system depends on 
the favoring conditions of the veins and certain forces: 1. The walls 
of veins offer no resistance to the blood, as the lumen of veins in- 
creases as they approach the heart. 2. The 
alternate contraction and relaxation of the 
voluntary muscles exerts some pressure on 
the veins between the muscles. 3. The re- 
spiratory distenbion of the chest and descent 
of the diaphragm impel an onward move- 
ment. 4. The suction caused by the expan- 
Bion of the right auricle of the heart. 5. 
Capillary peristaltic action. ( Vide Capillary 
Action.) 

In the venous circulation of the stomach, _. ,., ,, , 

1 J ■ . .■ .u V. J Diagram of the V alves 

spleen, pancreas, and intestines the biood " . „ . 
J . . .1. 1- .1 1.1. in Veins, 

does not enter the vena cava directly. The 

... ■. . , 1, Valve open. 2, Valve 

veins of these organs unite m one large ves- . , ^ ' 

Bel, the rena porta, which enters the liver, 

where it branches out like an artery, subdividing into a capillary 
network that permeates the whole mass of the liver, supplying con- 
siderable material from which the bile is secreted, and to which the 
arterial blood of the hepatic artery also contributes. Thug, the 
blood flowing through the portal vein passes through two seta of 
capillaries in the interval between leaving the aorta and entering 
the vena cava. 

The movement of the blood in the veins is only about one-third 
oa fast as in the arteries. The capacity of the entire venous sys- 
tem is about two and a half times as great as that of the arterial. 

The Capillary Circulation is the most important feature of 
the circulatory movement. Through the capillaries a free inter- 
change between the blood and tissues takes place. The capillaries 
{eapiltv*, a hair,) are minute blood-vessels, forming the connection 
between the terminal branches of the arteries and the commence- 
(nent of the veins. In size they average about l-3000th of an inch 
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The CApiUsrjr CircalatLon la Peristaltic; but, on account 
of the minutencfle of the diaoieter of the capillarr, it is difficoU to 
illoatrate tbe rapid altemaiion of coatraction and relaxation which, 
talcu place. From a likeness of e&ect we argue a likeness of cause- 
Hence, the manner in which fluid matter is propelled through ibe- 
cxpillariee cannot be contrarjr to that in other tabes of the animal 
ecoimmy with n tiimilar function. In the chapt«r on "The Senaea'" 
il ia Mtat(.-d that aemte-organs are endowed with the power of i 
Ing to appropriute stimuli. The presence of blood in the capillai 
cauHa nornittl jieristnllio action, ainiilar to the action of the ingesU 
I in the aUm«nUry canal, blood in the heart and arteries, lymph ia 
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the lymphaticB, and urine in the ureters. When the position of the 
body IB reversed (the head downward and the feet upward) the con- 
tents of the stomach continue to pass into the intestine by virtue of 
the peristaltic action of the cesophagus, which the closure of the 
cardiac orifice alone cannot prevent. Again, in this position of the 
bodr the urine persists in flowing to the bladder, the intestinal con- 
tents lowardB the anus, and the blood to the feet, though not with 
the same force, as the position of the body is unnatural. That the cir- 
culation in the animal capillaries is peristaltic may be further illua- 
trated by the fact that when an object gives off matter it becomes 
smaller, while the object attracting or absorbing it becomes larger, 
for no two particles can occupy the same space at the same time. 
The capillary is ted continuously, and the blood in the capillary 
cannot recede in the normal condition on account of the arterial 
force on the blood and the capillary peristaltic action forward. The 
capillary gives up nutritious substances to the surrounding absorb- 
ing cells, which in their activity must alternate in dilating (taking 
op matter) and contracting (giving off matter to the tissues), so 
that the dilation and contraction of the cells in the delicate wall of 
the capillary produce the peristaltic action in the animal capillary, 
caused by the presence of blood. Experience illustrates these fact^, 
that when the contractility of the arterial portion of the capillaries 
is relaxed (dilated) in anypart of the body, for a longer or shorter 
period of time, an injlarmnation of the part results correspondingly. 
On the other hand, when the venous portion of the capillaries ab- 
normally contract the blood accumulates, causing inflammation, 
which ia accompanied not only by an increased quantity of blood 
in the capillary vessels, but also by an increased temperature. 

The tuliowing points may be considered in relation to the in- 
adequacy of the heart's action to the capillary blood propulsion: 
1, A alight change (peristalsis) is noticeable in the capillary cal- 
ibre in the frog's foot. 2. Secretions, such as sweat, may occur after 
the heart ceases to beat. 3. In certain animals of the cold-blooded 
type the capillary circulation has been noticed to continue for some 
time after the heart was excised. 4. Animalf, even the fcetus, have 
"been produced without a heart, with all the other organs well 
developed. The illustrations of the reflex requisite for capillary 
action through nerve-fibres and nervous centres are similar to those 
I £iven in the chapters on the "Mucous Membrane", "Secretion, 

and Absorbents.'' J 

I Capillary Action.— The so-called capillar}/ action of plants I 
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CHAPTER X. 

RESPIRATION. 

Respiration involves inspiration and expiration. In inepira- 
tion about one-fifth of the amount of oxygen inhaled la absorbed 
by the body, wbile in expiration the carbonic acid gas — or, as more 
recently stated, carbon dioxide— is elijninated. 

The Trachea is a large tul» formed of thick cartilaginous rings 
connected by elastic tissue. The rings serve to prevent the collapse 
of the tube (6, Fig. 21). Before entering the lungs the trachea 
bifurcalee, forming two bronchi, the excretory ducts of the lungs. 
After entering the lungs each bronchus divides and subdivides into 
emaller tubes (bronchial tubes) until their diameter is less than 
one millimetre (0.039 inch); their further subdivisions are termed 
bronchioli, which terminate in the alveoli. ( Vide Fig, 22.) 

The ZiUnga (1,2, Fig. 21) are the essential organs of respiration, 
the right lung being broader, hut about an inch shorter than the 
left. This ia because the diaphragm is higher (to accommodate the 
liver) on the right side than on the lett. The weight of the right 
lung is about 22 ounces, while the left, which is more elongated in 
form (by reason of the heart lying partly inferior and anterior to 
it), weighs about 20 ounces. The tissue of the lung is of a pink- 
ish slate color, light, porous, and spongy, floating if placed in 
water, or crepitating if manipulated, on account of the presence of 
air in its alveoli. It is also highly elastic, which accounts for its 
collapse when removed from the closed cavity of the thorax, or 
when air enters the pleural cavity. The parenchyma of the lung 
consists of minute lobules, blood-vessels, lymphatics, and nerve- 
fibrillie. The greater part of the lung is composed of lobules, each 
formed by a cluster of alveoli — also termed air-cells or air-vesiclea — 
and held in position by minute, delicate, and very elastic tissue; 
indeed, each lobule is, in function, a lung in itself, so that if the 
major portion of the lobules are destroyed, as in tuberculosis, ree- 
piratioD still goes on, until there are insufficient lobules left to 
adequately carry on the respiratory function; t. e., to supply the 
blood with oxygen and to remove the carbonic acid. A great many 
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I" lobules are aggregated by connective tissue to form large lobes, two 

I «f which form the left lung and three the right. 

Phyeiologically, the respiratory organ (lung) consists essentially 
of moist and permealile membranes, with blood on one side and air 
Pig, :i, on the other; yet 

the blood and air 
do not come in di- 
rect contact, but are 
absorbed and trans- 
ude through the 
membrane between. 
All the alveoli to- 
gether form in thfl 
adult lungs a respi- 
ratory surface about 
128 square metres in 
extent. The blood, 
therefore, in being. 
distributed < 
liirge a surface, ii 
murecompletely a 
terialized. The e: 
change of carbonifl 
acid gas for oxyp 
is eHected very rap 
idly. Gases poesea 




Diagram of the Lungs. 
1, Right lung. 2, Left lung. 3, Pleura. 4, Pnli 
ary art«ry .5, Pulmonary v ' - — - 
Gold and Thyroid cartilt^ea. 



8, Trachea. 7, Cri- almost perfect free 
dom of moleculai 
motion. Owing to their unlimited tendency to flow, both liquid 
and gases are called fluids. It is natural for each substance in H 
mixture, if unobstructed, to flow from places where it exists i 
greater quantity to places where it is less abundant, and, accordiq 
to two of the lour laws of capillary action, the ascension and < 
pression of a liquid not only varies with the nature of the sal 
elanoe, but also inversely in conformity with the temperature. 

The Nerve-fibres of iho lungs are derived from the anterU 
and posterior puhuouary plexuses, composed of filaments from t 
pneumogaslrii' and sympathetic nerves. Some eftert-ut respiratoi 
uerip-e- fibres, though arising ia tha respiratory centre In the medull 
oblongata, paB? ■! - ■■ -' ■ -■;■ -i ■ - 1 -^id rmerge from between t' 
third, fourth, .u: .iill«:ting on each sidei 
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the cord into a nerve, called the ph rem'; wtiirh supplies the half of 
the diaphragm on the corre^pondinf; side of the iKidy. 

The Phrenic, or Diaphragmatic Nerve, arises from the 
union of the branches of the third, fourth, iind lifth cervical pairfi. 
It passes between the clavicle and Bubclavian artery, and descends 
by the pericardium to the diaphragm. If the phrenic nerve iilone 
be divided outside of the spine, the channel for reflex impulses to 
the diaphragm being cut off, the latter is said to be paralyzed, and 
respiration is observable solely in the rising and falling of the ribs, 
A division or compression of the intercostal nerves only, paralyzea 
the intercostal muscles then respiratory movements are performed 
solely by the diaphragm. Division of the spinal cord above the 
third cervical vertebra interferes with the transmission of Uie reflex 
impulses through the phr-nic and intercostal nerves, resulting in 
paralysis of the movements of the chest and abdomen, though the 
glottis, mouth, and nostrils may contmue to act for a short time; 
the tinal eKorls to respire are manifested in gasping and convulsive 
movements of the nostrils, for the reflex impulses from the medulla 
oblongata to these muscles still continues. If the medulla oblon- 
gata be injured, the power to reflex an impulse to breathe is at once 
taken away, and respiration ceases. 

That there are other nerve-fibres connected with the respiratory 
centre, besides those of the pneumogastric and phrenic, there can be 
no doubt. If, for instance, the nerve-fibres of the skin and chest are 
stimulated by an application of cold water, a gasping inspiration 
vneues. The nerves of the soles of the feet, or those of the skin of 
the sides of the body, if stimulated by tickling, causes laughter on 
account of a series of peculiar spasms of the diaphragm, abdominal, 
and facial muscles. A funny sight, the recollection of or present 
impression on hearing a humorous speech, causes similar spasms. 

The Kespiratory Centre, or Vital Point, at which the 
rhythmic movements of the respiratory activities are regulated fre- 
flexly), is at the floor of the fourth ventricle in the medulla ob- 
longata, its afferent (sensory) nerve-tibres being those of the vrigt, 
and the rfe«nt (motor) those of the phrenic and inl«rcoBtal nerves. 

Lymphatics. — The lung is well supplied with lymphatic cap- 
illaries, which take up not only the rudimentary matter from the 
lung tissue, but also the minute solid particles entering the alveoli 
with air, as noticed in the lymphatic-vessels of coal-miners. 

Blood of the Lungs.— The lungs are supplied with two kinds 
oi blood, one for niitrilion, the other for purification and stimulat- 
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ing respiration. Conseqaently, the capillaries are from two source*; 
from the bronchial arteries and from the puhuonary. The bron- 
chial arlerUs (from the aorta) furnish blood to the parenchyma of 
the lunge for nutrition; this blood U returned through the bron- 
chial veins to the superior vena cava. The pulmonary arteriet (from 
the heart) divide in the lungs into networks of capillaries, which 
run along on the inner surface of the alveoli. These capillaries 
unite to form larger venous branches, which again unite to form 1 
two large pulmonary veins from each lung, and discharge their 
contents into the left auricle of the heart. 

The Pulmonary Artery (4, Fig. 21; and E, Fig. 22)convey8 
the venous blood from the right ventricle of the heart to the lungs, 



Fig. 23. 




where it divides into minute 
capillaries, which pass along ] 
the waits of the alveoli, adher- 
ing to them on the inner s 
by a email surface only, leaving 
the greater circumference of the 
vessels exposed to the air. Thia 
allows the blood in the capU* 
ndicating Alveolus and •^''^ (C, D, Fig. 22) lo come j 
Capillary Blood-vessel. almost i,i direct contact with j 

A, Alveolus. B, Bronchiolus. C, »''« ^^^ '" ^^^ aiveolus {A), j 
Pulmonary artery portion of the capil- The delicate membrane of the | 
lary. D, Pulmonary vein portion of pulmonary capillary through 
the capillary. E, Pulmonary artery, ^hi^h osmosis, or interchange 
F;Pulmonaryvein. K,K K K,Capil- ^j the gases of the blood, takes 
lanes of the adjoinmg alveoli. , ■ , .. , ,i,^^.^„. - 

place, IS less than l-20.000th of 

an inch in thickness; the diameter of the capillary (C, D,) lieing 
from l-2000th to l-1500th of an inch. Each Alveolua (A) is t 
small recess at the termination of a bronchiolus (B), and is from 
l-200th to 1-lOOth of an inch in diameter, and separated from the 
adjoining alveoli by thin walls or septa; consequently, they do not 
intercommunicate, but are held together by connective tissue. The 
diameter of the bronchiolus (B) is from l-500th to l-400th of an 
inch. It is estimated that the lungs of an adult contaiu about 
three millions of alveoli, the walls of which are lined with a single 
layer of squamous epithelial cells. The walls contain the blood 
and lymphatic capillary vessels and nerve- fibril lie. The network ofi 
capillary blood-vessels communicates from cell to cell, and the blood! 
in the vessels remains exposed to the air in the alveolus (air-cell). 
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aboat s second and & half to eliminate the carbonic acid, and 
absorb oxygen. At each inspiration, air enters the alveolus (A), 
through the bronchiolus {B); and the oxygen is absorbed by the 
hemoglobin in the capillary portion D. It cannot enter the por- 
tion indicated by the letter C, as this portion is filled with venous 
blood saturated with carbonic acid, the gae of which is jilBt escap- 
ing. The carbonic acid issues from the blood at C, and the blood 
on arriring at D is capable of absorbing oxygen. That the oxygen 
is absorbed at D, but not the carbonic acid gas, although inter- 
mixed more or less in the alveolus A, may be explained in two 
ways: 1. The powerful attraction of the hemoglobin, with its iron, 
for oxygen, and its want of attraction for carbonic acid gas. 2. The 
heated carbonic acid gas has a powerful expansive force towards a 
free surface, especially towards the colder gas {the atmosphere) ex- 
lemaUy. This explains why respiration in an atmosphere of higher 
temperature than that of the blood is more difficult and hurried. 
In this case, the carbonic acid gas is imperfectly carried off from 
the lungs, and the skin assumes greater activity (sweating) to com- 
pensate for this deficiency. The lungs manifest a wise arrangement 
in the conveyance of venous blood by an artery (pulmonary), as 
an arterial vessel only can withstand the pressure of the ventricle 
of the heart; so, also, in the conveyance of arterial blood by veins 
(pulmonarj-), which easily relieve the lungs of their blood. 
The Four Falmonary Veins return the aerated blood (arte- 
1 rial) to the left auricle of the heart; consequently, it is owing to the 
process of respiration that the dark venous blood is changed Into a 
bright arterial red. This blood, in passing through the capillary 
Teasels of the body, supplie.i the tissues with oxygen and with nu- 
tritive substances, and during this process gradually becomes recon- 
iverted into venous blood and returned to the heart, which sends it 
through the pulmonary artery to the lungs, in order to again receive a 
fresh supply of oxygen, Thelocalcontact of the gases (air and carbo- 
biic acid gas) and the organic matter in the blood in passing through 
le lungs furnishes the stimulus forcontinual activity of these organs. 
carbonic acid and the organic matter are, no doubt, the irritat- 
,g enbetances — the oxygen the alleviating (satisfying) element. 
The respiratory centre in the medulla oblongata acts by reflex; just 
. do all nervous centres by which impulses on organs are reflected, 
ach centre is connected, either directlyor indirectly, with the organ 
fferent (sensory) and efferent (motor) nerve-fibres. This is the 
It proof that the sensation of any organ lies primarilyin the organ 



106 

itself, and not in the Derroos reflex centre. Were its 9eat in the laV 
ter, then Ibe afferent fiftres would be guperflaou^ and the efferent 
Eufficient Consequently, the etimulatton and sensation for respira- 
tion liein the lungs, and not in the so-called rilal tpot of the medolls 
oblongata, thia being simply the spot, or centre, where reapiratory 
reflex actions are accomplished. 

The Hsemoglobin of blood-corpascles is formed completely in 
the capillaries of the lung^. It is allied to the aruminoids (pro- 
teida), and forma the chief constituent of the red corpuscles. It con- 
tains, in addition to carbon, hydrogen, oxygen, nitrogen, and sulphur, 
about 4 parts of iron in 1000 of blood. The absorption of oxygen in 
the lungs depends mainly on the molecular attraction inherent in the 
molecules of the hiemoglobin. When iron is deficient in the blood, 
the htemnglobin is defectively developed, and the supply of oxygen 
and nutritive eubsUnces to healthy tissue-changes in the brain, 
nerves, ronscles, etc., becomes lessened; hence, the defective vitality, 
general or local, during such deficiency. When arterial blood in the 
capillary circulation comes in contact with the tissues, the red blood- 
corpuscles furnish them with nourishment by giving up the greater 
part of their oxygen, iron, hsemoglobin, and the potaeeiatn salts. 
The red corpuscles becpme anaemic.when parting with these constitu- 
ents. Some of the corpuscles then become disorganized and broken 
op; though the greater number return to the heart and lungs for re- 
cuperation, or for another supply of the above-mentioned constitu- 
ents. They possess, however, no properties in common with those of 
the carbonic acid, except that both {carbonic acid andoxyger.) pass 
through the same channels. The hemoglobin of the corpuscles en- 
tering the liver furnishes one of the basic constituents essential t 
the secretion of bile. 

The Hsmatin of the blood is of a dark-brown color, and resultt 
from the decomposition of he^moglobin. The term "hematin" 
derived from the Greek word meaning blood. 

The movements of the lungs, glottis, chest, and abdomen c 
epond with each other in point of time and intensity, so that i 
same reflex by nervous centre influence that expands the chest ti 
inhalation opens the glottis to admit the air. Only about l-5t! 
the air in the lungs is renewed at each inspiration. The numberql 
respirations In the adult averages about 18 per minute; in youUi 
20; in childhood, 26; iu infancy, 40. During inspiration a mstlidj 
tound, termed rf«ictdar murmnr (crepitus), is produced by 1 
ftlveoli, and is more distinct in children than in adults. 
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I Like palsation, respiration is involuntary and purely through 
reflex. By the force of the will we may partially change or arrest 
the rhylhm of respiration, though only temporarily, or until the 
intensitied stimulation on ihe lungs, caused by the aceumulation of 
carbonic acid elemenls in the capillaries of the Itings, forces respira- 
tion. This is why a person can remain under water for a short time 
only. 

The expansive force of the lungs depending on the thoracic exten- 
sion, they collap^ with the thoracic contraction. During inspira- 
tion the diaphragm descends (contracts) and the intercostal mus- 
cles raise the ribs and sternum, enlarging thereby the cavity of the 
chest. In children and in the adult male the respiratory move- 
ments are most noticeable in the abdomen, but in the adult female 
the upper part of the chest is put in more active motion. During 
the inflation of the lungs with air (inspiration) the diaphragm con- 
tracts, while during expiration this action is reversed. In disease 
or injury of the lower cervical or upper dorsal region of the spinal 
cord, the transmission of the reflex efferent impulse being interfered 
with, the intercostal muscles are paralyzed and the thoracic respir- 
atory movements arrested; then the movements of the abdominal 
respiratory muF^;!e8 will be increased. In peritonitis, or other forma 
of abdominal inflammation, the movements of the abdominal mus- 
cles and the diaphragm are restrained on account of the pain pres- 
ent, and the thoracic respiratory movements are increased. The 
extension and distension of the many organs during inspiration is 
the principal organic force which, in reaction, produces expiration. 
It may be here noted that thecontractionof the intercostal muscles 
is not inspiratory, but expiratory — a function opposing that of the 
diaphragm; i. f., the contraction of the latter favors inspiration; of 
the former, expiration. An adult requires about 350 cubic feet of 
air per day. When the inhaled air contains less than 10 per cent 
of oxygen, asphyxia and then death ensue. In such cases the air 
is already more or less saturated with carbonic acid gas, so (hat the 
power of its elimination from the lungs is diminishe 1 and the inspi- 
ratory stimulus increased; but, as little or no oxygen enters, the in- 
creased stimulation is not relieved (satisfied), and the cells of the 
alveoli of the lungs become so exhausted that little or no stimulus 
is forwarded to the reflex centre of the medulla oblongata, and no 
reflex impulse is conveyed to the respiratory muscles for expiratory 
movements; and sooner or later not only the lungs, but all the 
mnscles of the body are altected by the carbonic acid stimulation. 
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This results in greater or lees convulsive movemeotfi, »a« 

tranquillity. This condition is due to exhaustion (asphyxia). 
The changes effected in inspired and expired air are as follows: 

i Nitrogen 79.02 by volume. 

Compoaition o£ inspired air ■] Oxygen 20.94 " 

( Carbonic acid . ,04 "' 

100.00 

f Nitrogen 78.25 by volume, 

CompoaiLioa of expired air -j Oxygen 18.S5 "' 

( Carbouioacid . fl-ftO ' 

iWJ.OO 

Should air enter the pleural cavity by an opening through the sld 
and thoracic wall, or from within the lung or respiratory passage 
the lung collapses (pneumothorax), and is no longer capable of d 
tension. If this happens to both lung ca%'ities, death results. 
case, therefore, it becomes necessary to open the pleural cavity c 
must be taken that no air enters and that the external opening be" 
well protected until healed. Some water passes from the blood by 
respiration and perspiration, the kidneys not being able to elimin- 
ate all that is required to be removed. From the lungs about 10 to 
18 ounces of watery vapor are exhaled in 24 hours, being increased 
or diminished according to the temperature and moisture of the 
atmosphere and body. A person with a dry and hot skin respires 
very frequently. When, however, thorough perspiration takes place, 
respiration becomes less frequent. In the canine family the tongue 
is often protruded, and respiration doubled and trebled in frequency 
by tlie increased stimulation of the carbonic acid caused by increased 
muscular activity or by exposure to external heat. The dog's integ- 
ument contains but few perspiratory glands, and even these Iffl^l 
empty into hair follicles, instead of discharging directly on t^^| 
surface of the skin. ^H 

Besides carbonic acid gas and water, a small quantity of ammonia 
and organic matter is emitted by the lungs and skin, which gives a 
faint odor to the breath and jierspiration ; this is very noticeable in 
A crowded and conflned space, and causes the atmosphere to becoi 
oppressive. The amount of ammonia and of orgaaio matter i 
halwl has not yet liren definitely ascertained. 

Carbonic Aold BlamentB exist in fomhi nation with batet^ 
hUnid-plaMiia, Un'tli, nml boiip*. The carlmnic acid ga», as e^xt 
duM nut dxiwl ill the IiIimm) in the form as excreted any more tn 
■■ ' -■ •--;--■-■ ■ - iuoh In tlie blood, but I 

i<- urine, tears, and p 
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Tation are, at the organ of exit; i. e., said gas is secreted from the 
vMterial existing in venous blood, by the cells of the capillaries in 
the walls of the alveoli of the lunge, sudoriparous ducts of the skin, 
and uriniferous tubules of the kidneys. The cells of organs have 
their own way of doing things, and very likely will keep their secret. 
No one has ever been able to separate or produce by art or science 
a genuine normal urine, tears, perspiration, gastric juice, or any 
other secretion from blood, as the living cells of the body do. As 
well try to separate or produce the genuine normal fragrance of a 
growing plant or flower; the product may be ever so deceiving, but 
it is not genuine. Carbonic acid has the formula C Oj; i. e., one 
atom of carbon and two atoms of oxygen; yet it cannot be denied 
that when this gas issues from the living animal body it also con- 
tains ammonia, nitrogen, and organic matter. 

The alkalinity of the blood, especially the carbonate salts, com- 
ing in contact with the acidity (a form of lactic acid) of the tissues, 
may effect the combination of atoms essential to the formation of car- 
bonic acid, but the formation of gas is not completeuntil the material 
has passed through the cells of the organs of exit. An aqueous solu- 
tion of carbonic acid reddens blue litmus paper. It may be said 
that whenever alkali and acid, with moi8ture,come together, carbonic 
acid gas immediately results; but in no instance can it be shown 
that the action of chemical elements and the results of chemical 
reactions are the same immediately within the tissues, including the 
blood of the living animal economy, as when mixed chemically 
pure and outside of the body. The chemical constituents of the tis- 
sues are all known, and yet we are at a loss to explain on chemical 
or physical grounds that final transformation of food by which it 
becomes a part of the liriag animal body; neither can we, by chem- 
ically combining the fifteen elements which are found in the human 
body, produce an organic vital being. This will be rendered clear, if 
we but consider that a thing cannot give what it has not. A com- 
bination of any number of dead inorganic elements can never pro- 
duce a vital organized being, according to the philosophical prin- 
ciple, that the effect cannot be above or greater than its cause. 
Vitality is above chemism and superior to all physical and mechan- 
ical energy. The task of science is to strive after truth, without hav- 
ing any secondary object in view. No doubt chemism may explain 
the physical activity of organs; but it cannot solve the problem of 
animal vitality any more than it can the merely physical or me- 
chanical forces seen in tiature about us. 
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In every bodily action food is required to aiipply 
gy. This food is not only the matter taken into the system and 
aesimilated, but anything which goe? to supply the want of any 
particular organ or tieeue; be it an acid, alkali, or Bait, etc. TbuB 
an inactive animal body, suddenly becoming active, requires 
increased diet. 

It may be noticed that the results of experiments on 
liana are not mentioned here. This is because they are so conflict- 
ing; one claiming that the amount of carbonic acid exhaled is in- 
creased during cold weather — I.e., in December, January, and Febru- 
ary ^and decreased in June, July, and August, respectively; another, 
that it is greater in warm weather; or in a moist than in a di 
atmosphere, or vice versa. All experiments have been conducl 
to ascertain the quaatity, quality, and possible action of said 
within the living body, though when outside of its environment- 
even when taken direct from the alveoli of the lungs; but it cam 
he true that this external gas is the same as the materials when 
the venous blood, and for the reasons already mentioned. 
air-passages be closed completely the respiratory efforts becoi 
deep, labored, energetic, and rapid, and the circulation increa^ 
(asphyxia). This also indicates that the primary stimulus U 
inspiration and circulation is the carbonic acid elements, with! 
the blood, on the lungs and heart: and not the oxygen. The use 
oxygen is, of course, to satisfy or moderate overstimulation. Tl 
cause of the revolution of a rapidly turning wheel is the power 
that turns it, and not the brake that modifies the motion. The 
respiratory and circulatory reflex centres of the medulla oblongata 
are very close neighbors — possibly one; so that a stimulus from the 
mind, or stimulation from the carbonic acid in the blood on the 
heart and lungs, is reflected by the respiratory or circulatory centre 
through efferent impulaes on the heart and lungs, correlating ll 
activity of these organs. Cold-blooded animals exhale very litl 
oarbonic acid gas, comparatively, indicating that their tissue wi 
ia not BO rapid and the material for carbonic acid gas in their ci 
culating fluid is less; therefore, the primary stimuli for circulati 
and respiration are not so marked as in the warm-blooded animi 
l*lan(a absorb carl>onic acid gas by their leaves, peripheral 
and roots. The loaves act as respiratory organs, absorbing carbt 
ncid gnu (as may be easily proved hy the celebrated esperiment 

Priestly), and giving oiT ^ ■, ' Ii rived 

tranHformation of waU-i , -aIU. 
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The stimulus on the lungs for inspiration is the carbonic acid 
elements acting on the epithelial cells in the walls of the alvioli, 
and the stimulus for expiration is the satisfying effect of the atmos- 
pheric oxygen on said cells. An excess of carbonic acid in the sys- 
tem causes depression of spirits. This may be relieved by tea or 
co^ee, which produces an increased elimination of this acid, at least 
greater than that supplied by the food. Carbonic acid eliminated 
from the animal organism, and again introduced into the body, acts 
ae a poison, similar to that produced by chemicals and introduced 
ill the gaseous form alone; while the chemical gas moderately intro- 
duced with water (soda water) into the stomach diminishes thirst, 
acts as a diuretic, lessens morbid heat and irritability of the stom- 
ach, and is slightly anti-emetic. Respiration in an atmosphere 
deficient in oxygen becomes hurried from overstimulation of the car- 
bonic acid, and, if continued, respiration may soon cease altogether. 
It may be noticed here that this theory of external organic 
I Mnsatlon contravenes the teaching of the present day touching 
the primary cause of the normal activity of organs in continuous 
action, such as the lungs, heart, capillaries, kidneys, and skin. (See 
Respiratory Activity of the Lungs, and Pulsative Activity of the 
Heart.) The venous blood-plasma being saturated with the ele- 
ments of carbonic acid, and the ready-formed gas issuing from the 
arterial portion of the pulmonary capillary (C, Fig. 22), the oxy- 
gen has no chance to enter there, though it does enter at the venous 
portion of the pulmonary capillary <D). The epithelial cells of 
these vessels, by absorbing and giving off gases, dilate and contract 
in the walls of the alveoli, especially in the middle portion of the 
capillaries, producing peristaltic action of said walls; consequently, 
it aids the movements of the blood within the capillaries, the car- 
bonic acid elements being loosely contained in the hlood-plasma. 
{Vide Capillary Action in chapter on Circulation.) The blood- 
Corpuscles have little or no attraction for said elements, or already 
formed gas, but a most powerful attraction for molecules of oxygen 
gas. The oxygen itself has decided magnetic properties (paramag- 
netic), like those of iron; but carbonic acid, water, and nitrogen 
have decidedly repellent properties (diamagnetic). This offers an 
explanation as to how both gases, though more or less mixed in the 
caviiies of the alveoli, pass — the one inward, the other outward (A, 
Fig. 22). When two gases are placed in contact it is impossible to 
prevent them from mixing, for every gas diffuses into every other. 
Tbey easily separate, however, and a lighter may rest upon a heavier 
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when one is of higher temperature than the other, as oil i 
apon water. The pttssa^ of both gase^, through the activity of t 
epithelial cells in the membrane of the capillary, is assisted by t _ 
law of diffusion called otmose — the oxygen being favored by the 
powerful attraction of the molecules and the incessant motion of 
the red blood-corpuEcles, the carbonic gas escaping by the expansive 
force of heat. The pressure of a given body of gae, the volume 
of which is kept constant, is in proportion to its absolute t<mipera- 
ture. In tbe lungs the formation and pressure of the carbonic 
add gas (to escape) are also assisted by the pr^sure of the blood in 
the pulmonary artery. The activity of the chest wall, respiratory 
muscles, diaphragm, and glottis is through reflex, the lungs being 
etimulated by the carbonic acid for expansion, by oxygen for satis- 
faction (contraction), each stimulus forwarding an impulse through 
afferent nerve-fibres of the vagi, respectively, to the respiratory cen- 
tre in the medulla oblongata, where said impulses are reflected and 
forwarded by efferent fibres through the phrenic and intercostal 
nerves, calUng into activity all respiratory organs correspondingly, 
JDst as the stimulation of normal food on the stomach prompts the 
emptying of the gall-bladder. An abnormally high temperature of 
the carbonic acid elements in the blood stimulates the epithelial 
cells in the walls of the alveoli of the lungs and mucous membrane 
of the cavities of the heart to increased activity, and consequently 
to hurried respiration and pulsation. This explains why respiration 
and pulsation proceed normally in unison. 

The absorption of oxygen and the elimination of carbonic add 
gas are also eSected, more or less, by the activity of the cells of the 
akin. Covering the entire cuticle with an impermeable substance, 
such as glue or varnish, causes death. It is like closing the prin- 
cipal air channels, mouth and nose, though the proctrss is slower. 
This also indicates that it is the local stimulation by the carbonic 
acid from within, and oxygen Irom without, on the epithelial cells 
in the walls of the capillaries of the ducts of the sudoriparous 
glands that excites activity. Some of the acid gas is also discharged ■ 
with the urine. That eliminated by the skin and urine amountt'fl 
to about fonr and a half per cent of the amount simultaneously^ 
exhaled by the lungs. This furnishes another evidence that the 
continuous stimnlus for respiration is the carbonic acid within the 
blood acting on ilie lungs; lor every organ by which this gas is 
eliminated is one of incessant activity, as the Inng, skin, and kid- 
ney. We notice that the elements of carbonic acid, while normally 
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in the eyptem, are of the most vital importance. That the ready 
formed (exKnled) carbonic acid gae, as such, exists already under 
the game condition in the venous blood, must be very doubtful, for 
when it issues from the body and is injected again into the venous 
blood it kills the animal. Again, that said gas cannot exist in the 
blood may be illustrated by filling a bottle entirely full of wat«t 
and introducing a suitable capsule filled with a small quantity of 
tartaric arid and bi-carbnnate of soda. Close the bottle with the 
palm of the hand, or otherwise, so that it remains absolutely full; 
As long as the capsule is not disnolved, no action is noticeable in 
the bottle, but as soon as it dissolves and the atoms of acid and 
soda become active the bottle bursts, there being no space for the 
carbonic acid gas which is evolved. Now, if carbonic acid gas in 
the animal tissues or venous blood existed in the same form as that 
evolved by the organs of exit, the veins would burst, especially un- 
der the pressure of an abnormal increase of this gas; but the fact 
ia that they do not even dilate. Artificial respiratory excitants 
increase the exhalation; non-excitants diminish it. Albumen, aa 
food, is one of the least respiratory excitants. Temporarj' cessa- 
lion of the menses, due to pregnancy or otherwise, increases the 
exhalation of carbonic acid; so does muscular activity. The car- 
bonic acid gas exhalation is diminished during sleep. Heat being 
the most general molecular stimulus, a warm atmosphere increases 
the activity of the cells of the skin, just as a sudorific remedy 
when taken into the hotly produces increased perspiration, more 
carbonic acid gas and heat is given off, and the temperature of the 
eyslem lowered. Any remedy stimulating the cells of the urinif- 
erous tubules and Bowman's capsules of the Malpighian bodies of 
the kidneys, acts similarly to increased secretion of the solids of 
the urine, just as the remedy stimulatir.g the "pithelial cells of the 
wallsof the arterial capillaries within eaid bodies (possibly assisted 
by the arterial blood pressure) increases the secretion of the watery 
portion of the urine. Since irritability (sensitiveness) of an organ 
«r tissue is the properly of becoming excited to activity when acted 
upon by the appropriate stimulus, so force causes a body to move 
as Well as to come to r«(. The channels of the blood -circulation 
nerve two opposite' purposes in taking in and giving off the elements 
»t oxygen and carbonic acid. The oxygen enters the body through 
the tungs, skin, and alimentary canal; the carbonic acid leaves it 
by expiration, perspiration, urine, and the feces. 
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Carbonic acid gas is aboat one and one-half tinea hearier than 
air at the same temperature; but when healed above that of the 
BtuToandiQg air — as when generated by fire, qt wben eecai^ing with 
the warm breath of animals — it is lighter, and, consequently, risef. 

The human body is composed of about fifteen chemical elemente; 
and, coming in contact with each other in the vital economy, their 
antagonism and combination produce heat. Some of these elements, 
euch as water and sodium chloride, do not undergo much alteration; 
others, again, are transformed into new subetances which assist in 
reconstructioD, while some favor destruction; the latter producing 
acidity in the tissues as well as the generation of heat, similar to 
that produced by muscular activity. Chemistry leads to the deduc- 
tion that it is the action of oxygen on carbon which produces oxida- 
tion in the vital animal economy, similar to the action of the oxygen 
of the air in combining with the various fuels, such as wood, coal, 
oils, and illuminating gas, giving rise to what we call cotiUnutien, 
by which heat is generated. Any increased quantity of fuel and 
oxygen increases the heat of a furnace, or heat generator; but how 
can one satisfactorily explain, chemically, the rise of temperature 
as being oxidation in the living animal economy, in typhoid or any 
other fever, when no increased quantity of oxygen and carbonaceous 
food is furnished? All normal organic destructive tissue-changes 
produce acidity, which, coming in contact with the alkaline fluid 
(blood), changes the carbonic acid bases, the product stimulating 
the lunge, heart, and several other organs, such as the skin and 
kidneys, to continual normal aclivity. when the ready-formed gas 
issues through the lungs, skin, and kidneys; but when the molecu- 
lar activity is increased, as in certain pathological conditions, then, 
the carbonic acid products are increased, and in return stimulatM 
all the cells of the tissues to abnormally increased activity, result* 
ing in an elevalcd temperature, which may be lowered by opening 
allcutaneouB vents ( perspiration) and allowing the acid eleroentA and 
gas to escape. This is the true physiolt^cal process in the lowering 
of temperature. All others, such as cold or sedatives, are artificial. 
In the artificial process the cells and organs become more or less 
paralyzed and their activity decreased. It may be said in opposition: 
It is not the carbonic aaid elimination, but the elimination of heal 
which reduces the temperature. If the latter were true, the tem< 
perature would rise again immediately wben the elimination atoy 
This it does not do. To every action there is a reaction, so that 
when the cells in the tissues become aneemic, lamed (paralyxed) 
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rerwork, the production of carbonic acid ceasee correepond- 
lilar to the manaer in which excessive muncular and 
live mental nction lessens its formation, while moderate exer- 
cise of either increases it. Here we may find the cause of the 
periodical rise of temperature, be it from alimentation, periodical 
formation or ripening of a poison within the pystem during a patho- 
logical condition, periodical activity of saprophytes or pathogenytea, 
or from other causes stimulating the cells to increased activity, 
increasing the evolution of carbonic acid, and, as a consequence, 
causing a periodical rise of temperature. 

Now, in the foregviing there are sufficient grounds for asserting 
that the terms "oxidation," "combustion," or "a burning up," are 
ill applied when used in reference to the evolution of heat in the 
vital economy. Such terms tend only to contuse when referring 
to the vital action within the organism. The metabolic processes of 
cells and tissues (this includes anabolic and imtaholic processes), 
taken as a whole, may resemble combustion, because oxygen and 
carbon are taken in and carbonic acid gas is given off; but (to illus- 
trate) no one would call the mixing of soda and vegetable acid in 
water, even though carbonic acid gas be evolved, oxidation. Again, 
no one would call the mixing of equal parts of alcohol and water, 
;h heat be generated, oxidation. In no instance in nature 
combustion of a substance containing three-fourths of its own 
iifBuitity of water possible, whereas, the blood and most of the tisauee 
do contain this amount. The terms "oxidation" and "combustion" 
applied to the vital economy are therefore improper. 

Again, too much stress is laid on the importance of oxygen in 
the vital e<?onomy. It is true that without it vital processes could 
not go on; but the same thing applies to many other elements, 
BQch aa carbon, hydrogen, and sulphur. An abnormal amount of 
pur© oxygen introduced into the system will paralyze, by oversatis- 
fying the respiratory organs, aa completely aa carbonic acid will 
paralyze them by overstimulation. Oxygen generally receives the 
credit of being the sole cause of the chemico-vital actions; but we 
find that it it were not for the carbonic acid in the animal econo- 
my, respiration and circulation would cease. We also find that 
the exhaled gas is not fully covered by the term "carbonic acid," 
or CO^; consequently, the extent of action of the elements of said 
acid, while yet in the blood, must be of far-reaching importance in 
regard to stimulation, in fact more so than is generally believed; 
4, c, of such as already above indicated. 




116 

Nitro^D, eombined with hy di cg to , osv^n, csrbon, and snlphor 
iorma important compoands (protaide) of the secreted solids and 
fluids within the anitnal bodr. 

Phrsiologic&llT, sulphur edsts ia all albominous substances; 
and, as do animal orgKnie life can exist withoat albumen, the 
question arises. Has sulphur a phjsiologieal importance? This 
question is introduced here simpir with reference to oxygen, to 
show that other elenoents are fullr as necessary as oxTgen is to ani- 
mal Titality. Sul[Aur is not an accidental addition, as it is cod- 
eiantly present and found in all animal tissues. These are built 
up principally from albuminous eubetaoces, all of which contain 
sulphur, no animal organism or tissue existing without it. It ia 
also necessary for the elementary activity of cell-life, which it 
increases by asei=ting the chemical combinations of molecules of 
hydri^D, oxygen, nitrogen, and carbon; and, consequently, of 
albumen, which is thus dissolved, changed, and made capable 
of formiDg a part of the tissues. In comparison, just as the iron 
in hiemc^lobin is neoesesry to enable the hiemoglobin to take up 
oxygen in the lungs, and then be carried to the tissues, so is sul- 
phur primarily necessary for the continuation and transformation 
of albumen into tissues. 

In the male, the production of carbonic acid increases from the 
age of seven to twenty-five, but beyond forty-two it gradually 
decreases. As old age approaches it may even not exceed the 
amount produced at the age of ten. In the female, it increases 
from the age of seven until menstruation, the production of car- 
bonic acid then remaining stationary up to the cessation of the ' 
menses, when it decreases, as in the male. Males from fifteen to 
forty-two exhale nearly twice as much carbonic acid gas as females, 
and a child twice as much as an adult, if their disparity in weight 
be duly considered. 

Certain animals that breathe by lungs, as ducks and frogs, ar» \ 
nevertheless able to remain under water for a considerable time, as 
their thin, moist, and flexible integument then performs the func- 
tion of respiration. Their skin is not covered with dry cuticle, 
and while under water the lungs are inactive, but respiration goes 
on ; i. e., the exhalation of carbonic acid gas and absorption of oxy- 
gen takes pl.ice through the skin. 

Dyspncea (difficult breathing) may be caused by lung disease ' 
preventing sufficient respiratory movements, partial closure of 
respiratory passages, insufficiency of red blood-corpuscles, affee- 
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tions of the respiratory muscles, nerves, or centre in the medulla 
oblongata, deficient circulation in the lungs from heart affections, 
especially mitral valve lesions, dropsy, ursemic poisoning, or from 
fever heat, producing excessive carbonic acid stimulation on the 
heart and lungs. 

In order to promote respiration in the newly born infant, or to 
overcome asphyxia from drowning or from other causes, stimula- 
tion of the nerves which are distributed to the face or chest inay 
cause powerful reflex action by the centres of the pneumogastric, 
spinal accessory, phrenic, and intercostal nerves. This fact is 
proven by the sudden application of cold water to the face or chest, 
or by alternate applications of hot and cold water. ( Vide Artificial 
Respiraton in chapter on Miscellaneous.) 




In the human body a standard temperature ia maintained, nol 
withstanding atmospheric variations. Vital or animal beat 
produced by the changes of chemical combinatioRs of elements, 
including th-i activity of the nutritive processes and disiniegraUon 
that take place separately in each organ and tissue; therefore, the 
temperature varies in each organ and tissue: — 

1. The more active the organ the more blood passes through it; 
consequently, the higher the temperature the more active its tisane 
changes. 

2. Protoplasm, in the process of its activity, evolves heat. The 
more active, especially when the process of disintegration surpasses 
that of construction, the higher the temperature. 

3. The liver and other glandular organs are great heat^prodi 
ing centres. 

4. Mental and muscular activity increases heat. 
6. The amount of heat abstracted from the surface of the 

depends on the extent exposed and atmospheric influences. 

Heat is a sensible quality of bodies accompanied by moiion, li 
expands all kinds of matter, whether solid, liquid, or gaseous. Heat' 
and energy are so related that a definite quantity of one may be. 
always changed into a definite quantity of the other; for, accord- 
ing to the doctrine of the consenation of energy, when one form 
disappears another or others take its place, t. e., the correlation of 
energy is such that one kind can be changed into another, and the 
sums total are equivalents. Molecules and their atoms posseos 
potential energy, which becomes kinetic during chemical action; 
t. e., the clashing together of atoms, in consequence of affinity, gen^g 
erates heat. Such is, in part, an explanation of the origin 
only of anivial heal, but also of muscular motion and organv 
activity. In animal organic activity, the vital principle al9»' 
maintains its share. Heat is required for the normal molecu- 
lar action of all vital activities, since heat causes the molecules 
to move more rapidly and to a farther extent in their spj 
lally pushing their neighbors away a very little, and the 



> of 
the . 

ODjfl 

;ea^| 

°4 



TEMFKRATUHE. 119 

the body increaB«s. Hence, heal will diffuse itself into eurrounding 
lifisuee, and thus tends to equalize the temperature; always passing 
from a wanner to a colder section. 

A liquid will dissolve a solid only when the adhesion between 
them IB greater than the cohesion in the solid; and, as heal general- 
ly weakens cohesion more than it does adhesion, therefore an ab- 
normally high temperature of the liquid blood dissolves the more 
solid tissues more rapidly and in greater quantity than when at 
a normal temperature. Heat is always generated in consef|uence 
of motion; bo that from any irritation, molecular or mechanical 
activity, the temperature is raised, and the effect is expansion and 
change of matter. The temperature of the living body is the same 
in BOmroer and winter, its regular standard being maintained by the 
blood-circulation and by radiation of heat, the equalizing or modem- 
ting power lyingin respiration by lungs and cutaneous perspiration. 

Absolute rest does not exist in nature, conseijuenlly not in the 
human body. Motion and lest, therefore, are only relative terms. 
By food man appropriates the latent energies of the animal and 
vegetable substances, which are converted into energy — ^atomic and 
molecular motion, heat, cell-growth, tisane changes, circulatory, 
rcBpiratory, secretory, and muscular activity. 

The deeper tissues of the body are warmer than the more super- 
6cial, due not only to the increaped vital action and consequent 
changes taking place in those structures, hut also to their greater 
protection, while the more external parts are constantly losing heat. 
Immediately after a full meal the heat of the body is reduced, but 
as soon as digestion commences and absorption takes place its tem- 
perature rises. It is diminished by abstinence from food and ex- 
poflure to cold. The division of a sympathetic nerve causes a re- 
laxKtinn of the blood-vessels to which it is distributed, destroying 
the connection for reflex action, so that the blood pressure relaxes 
(dilates) the vessels, thereby increasing the quantity of blood in 
the part affected, which at first increases the temperature; but sub- 
sequent loss of nutrition of the part follows. The temperature of 
venous blood varies in proportion to the activity of each particular 
organ or tissue, while that of arterial blood is almost uniform, ex- 
cept in the arterial capillaries of the lungs and skin, where it is 
cooled by exposure to a cooler atmosphere, the body thereby con- 
stantly losing heat by radiation and conduction; therefore, this 
deficiency must be continuously overcome by newly formed heat in 
ila interior. Wherever a combination of atoms of substances that 
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Diagram of ThenoooMler scoording to Fahrenheit. 



To cXttMpr FttkremXeit drfrtr* imt» Cgntifndi. «r fict vena: — Trom 
thr ttivnt F. subtract 24, and half of the remainder will be the 
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corresponding degree C; or, to change Centigrade into Fahrenheit, 
donhle the given C. and add 24; the eum will be the degree F. 

The normal temperature of the body may be maintained from 
two sources when exposed to cold; viz., ample supply of food, and 
muscular activity. The ill fed cannot resist cold. A persistent 
abnormality indicates some morbid action in the economy, though 
a fatal disease may ex'at even with a normal temperature, as is oft- 
en the case in chronic Bright's disease. 

Temperature is intimately related to the functions of vitality. 
If it be increai'ed or diminished by a few degrees, a corresponding 
interference with the perfect mechanism of the various organs oc- 
curs, so that their relative activity may either l>e augmented or ar- 
rested. The phenomena of vital activities, such as nutrition, 
growth, and reproduction, are possible only within certain limi's of 
temperature; for as soon as it approaches the limit below or above 
the normal, constructive vitality ceases. These limits, or extremes, 
of internal human temperature range between 93° and 110° F.-— i. t., 
about 20 degrees; but it is difficult to give a general extreme in any 
special disease, as the fatal point depends on the pathological con- 
dition of the system at the time. If an abnormally high temper- 
ature is not checked, either the coagulation of the albuminoids and 
amyloids of the protoplasm, or of ihe proteids of the tissues, or of 
both, takes place; there is then an increased change or decomposi- 
tion of the tissues and secreted fiuids, which results in an arrest of 
nutrition and vitality, and causes death. 

Generally, temperature rises or falls in unison with the rise and fall 
of the pulse. For every degree above 100° F. the pulse rises t«n pulsa- 
tions per minute. It may be several degrees above or below the normal 
for some days before sickness is experienced; consequently, the 
Importance of an early investigation of internal temperature is ap- 
parent, as it often turniehes the clue to correct diagnosis ofadisease 
which cannot otherwise be BUrmized, and is an early guide for treat- 
ment. The different kinds of food and stimulants have their re- 
spective influences on the temperature; consequently, it is important 
to make more than one observation, and at different times. It is 
also a sure detective in certain cases of feigned disease; or if an in- 
creased pulse is due to fever or to anemia; or if abnormal sweating 
is the result of external heat, activity, disease, or exhaustion. If 
from disease, it will be preceded by elevated temperature. 

In regard to internal temperature the external indications cannot 
be relied upon, as the integument may feel cool to the touch 
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though the thermometer may register 105° or more, s 
forms of disease; consequently, external indicationg simply art 
not a means by which we can acquire any definite idea of the tem-1 
perature of the body. Illustration: if a piece of flannel and a piece 
of iron are left in a room for some time, each will be of the temper- 
ature of the room; yet to the touch the flannel would be pronounced 
warm and the iron cold. The temperature of the body may be 
taken by placing the thermometer under the arm-pit or the tongue^ 
but it is mf>8t accurately indicated by placing it for 8 or 10 minuteff 
in the rectum or vagina. No cause except disease or old age cbangev 
the temperature more than 1.6° F, from the normal. The exceesiw 
waste of tissues in old age often causes the temperature of the body 
to ripe two degrees above normal without exhibiting any signs at 
disease, and these cases would have to be considered normal. A per*. 
sistent increase of temperature of the body without exhibiting any 
particular local or general disease indicates tuberculosis eomewbertt' 
in the system. An increase during tuberculosis indicates that the 
disease is advancing, with new complications forming. In pneumo* 
nia a temperature which never goes beyond or higher than 102°!''. 
does not indicate soft infiltration in the lungs; but a persistent tem- 
perature of 104° or more indicates a severe attack. In acute rheu- 
matism 104° is an alarming symptom. In exanthematous diseases, 
such aa measles or scarlatina, the fever rises till the breaking out 
or eruption; the same takes place in small-pox till the pustules 
appear and burst. In tetanus, when all the muscles are in Bpaema, 
the very high temperature probably depends on the increased decom> 
posing changes of tissues produced by the excessive muscular activ- 
ity. The decomposed tissues probably produce ptomaines in which 
pathogenytes develop, constituting the tetanus bacilli found. lo 
jaundice an increase of temperature above ihe normal indicates k 
pernicious turn. In kidney disease a normal temperature indicates 
chronic Bright's disease. 

When the internal temperature is below normal, accompanied 
by an abnormally low pulse, there is possibly either some pui« 
bile in the blood paralyzing the sensitiveness of the endothelial 
cells of the heart, diminishing the afferent (sensory) impulse for 
reflex functions to ihe vaso-motor and inhibitory nervous centres; 
or pressure on these centres, cardiac plexus, or nerves, by a new 
growth; or a cancerous condition somewhere in the syst«m, moat 
likely in the liver, or in a neighboring part affecting the liver, 
case is reported in which the temperature of a person in appsrent 
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health Buddenly fell to 93° F. from inteetinal hseraorrhage, though 
the blood did not appear in the stools for several days after. 

In fevers the temperature varies from 101° to 106° F. If it ex- 
ceeds the latter the patient is in danger, unless due to a malarial 
affection, in which case it may rise to 105° quickly, although the 
patient may have been apparently well shortly before. Such rise 
usi^lly commences several hours before the beginning of the ague 
paroxysm. If a person recently healthy exhibits a sudden rise of 
temperature to 104° or 105° F,, it is usually only an attack of ephem- 
eral, exanthematous, or incipient malarial fever, but not typhoid. 
In the latter the rise of temperature is gradual, being about 1° daily 
above the preceding day until it reaches 105°. The fever is at 
ita highest daily at 4 P. M. and 1 A. M., and lowest at about 9 P.M. 
and 5 A. M. If higher in the forenoon than the previous aft«r' 
noon it is an indication that the disease is more severe. At any 
period in the course of typhoid a temperature of 1C6° is alarming, 
a persistant rise to 107° generally terminating in death. A sudden 
rise to from 105° to 107°, or sudden fall below normal temperature, 
usually indicates collapse; this may happen some days before any 
change in the pulse or other signs are observable. 

The most direct and simple means of moderating high tempera- 
ture is by increasing the activity and secretion of the perspiratory 
glands; i. e., by cutaneous perspiration. The quantity of watery va- 
por discharged daily from the whole body is about 43 ounces. Of 
this amount the skin gives off about 2Gand the lungs 17 ounces; 
so that the heat given off normally by evaporation is about one- 
fifth the total produced in the body. 

In growing plants heat is actively produced, but very rapidly dis- 
sipated owing to the extent of surface exposed to evaporation by 
Iheir leaves and branches. If this loss be artificially limited, the 
elevation of their temperature becomes apparent, and may be esti- 
xnated. I>uring germination and blooming the development of 
lieat is much more rapid. (For additional information on tem- 
perature, see chapters on Respiration, Circulation, and Medulla 
Oblongata. ) 




In structure, the nervous system consists of gray and white eub- 
stances and nerve-fibres. The gray eubelance is composed ot collec- 
tions of nervous centre cells intermixed, or mingled, with nerve- 
fibrillse. It constitutes the external portion, or convolutions, and 
various ganglia in the central part and about the base of the brain, 
the central portion ot the spinal cord, and isolated ganglionic mass- j 
es in the sympathetic system. These latter ganglia are found io J 
different parts of the body. Every collection of gray substance is 
termed a nervous centre. The -white substance of the brain and spi- i 
nal cord is composed of nerve- fi brill eb, and is found in the internal I 
portion of the brain and external portion of the spinal cord. 

Anatomically and physiologically, the nervous system comprisee I 
two great divisions— the Cerebro-spinal and the Sympathetic. 

The Cerebro-Spinal System consists of the brain, spinal j 
cord, and nerves emanating therefrom. It possesses the function I 
of bringing not only its own organs, but also all others of the body^ , 
into relation one with another, so that all parts are co-ordinated ia 1 
one harmonious whole, while some of its organs are concerned tn I 
mental processes in a manner to be presently explained. On i 
organs, sensation and motion also partly depend. Its nerve-fibres are ^ 
distributed to the organs of the senses, to the voluntary muscles and 
the integument, as well as to the external ojienings and t«rniiiia- 
tious of internal passages. They also furnish the principal nerve 
Bupply to the heart, muscles of respiration, and some other involun- J 
tary muscles. I 

The involuntary muscles and the various layers of muscularlj 
fibres in the internal organs are not directly dependent on the 
cerebro-spinal system, as they owe their power of contraction to the 
infiuence of the sympathetic system and possess this power to some 
degree within themselves. ( For the action of the sympathetic system, 
see the chapter on Sympathetic System.) The bladder, stomach, 
and intestines, for example, are enabled to act upon their con- 
tents, partly through their own inherent function of muscular move- 
ment, and their direct communication with the sympathetic system. 
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Some muscles are both voluntary and involuntary in their function, 
and are termed mixed, as, for instance, those of respiration. 

The function of the nervous system is to associate the different 
parts of the body into one harmonious whole and to bring the va- 
rious organs into mutual relationship. This correlation of func- 
tion is termed sympathy, and is accomplished by either a physical 
or mental impression from a direct or indirect stimulus, and may 
affect only a part of or the entire body — physically, as by an electric 
current; or as a solution of atropia upon the cornea produces dilata- 
tion of the pupil by paralyzing the muscular fibres of the iris. A 
physiological action becomes manifest when food is taken into the 
stomach, causing the secretion of gastric juice. The digestion of 
food Blimulates the gall-bladder to empty itself into the duodenum; 
the presence of food in the mouth, the act of mastication, or even 
the aroma of a favorite dish, each effects the secretion of saliva by 
the parotid, gubmaxillar}', and buccal glands, together known as 
the salivary glands. Mental excitation may produce perspiration. 
The Brain, or Enoephalon, comprises all that portion of the 
Fig.^4. nervous substance within the cav- 

ity of the cranium. It ia divided 
into the cerebrum, cerebellum, pons 
Varolii, and medulla oblongata. 
These are subdivided, forming a sym- 
metrical series of minor nervous cen- 
tres, connected with each other and 
the spinal cord by tracts of white 
f^ubstance; i. c, by nerve -fibrillte. 
The longitudinal fissure (D, E, F, 
Fig. 24) divides the brain into two 
equal hemispheres. 

The principal brain centres (Fig. 
25) are connected by intermediate 
nerve-fibrillffi, though each centre 
has special functions independent of 
the others. Again, the cerebral areas 
(centres) have special connections 
with sympathetic ganglia; as, for ex- 
ample, a person may be blind with 
Gig (rom F lo E. E, Poaitrior one or both eyes, with or without loss 
MpectotthelongitHdinalfiBsure. ^j normal movements of the iris, 
r, Anterior aspect of the lon^- ' 

tudinsl fissure. eyes, or other functions. This is true 




Diagram of Corpus Callosum. 
A, White aubetance of the cere- 
hnl hemieplieree. B, Fissure 
of Sylviiu. C, Corpus Callosum. 
", Lonsitudinal fissure, extend- 
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f -«f an MOW otcsBB. Tbe pcAtaat qnmntitjr ol gtmrmbetanca is at 
k Ae nkt, or etoovw (fi »aiw ), of tb brun ooaTofattioas. The cod- 
^ volmiana, as veU u ibe fiarans, difier in each indiTidoal brain; 
ans aie dmilmr in all bBnuniadnidaals: vu^UMloDg- 
I, Sjlnaa, Rolando, and paxietaL 




Diagram of tbe principal nerrooa centres of the 
A, Aatcrior ciei«t*»l lobe. B, Middle ccf^Msl lobe. C, RMKriorj^ 
lobe. D, CcRbcUam. T, TentaniTm codwUi. S, STlvkn fiann. 

1. OUmtbwj bolb. 2, Cospu KnatviD. S, Optic tbalamaa. 4. Ooipan 
iiiMili%<wiiii 5. Cum oeretn. 6, PIdmI gtawd. 7, Am TaraiiL 8, Ofir- 
ai7 bodica of the ■Mdallk obkmgsta. 9. 10, aad 11 .UedoBa oUongata. IS, 
Aataner pynmid of tbe medoIU obloag>u. U, ReetiiDcm body of tboim*- 



Eacfa eerebral hemisphere is divided, espedally on its inferior or 
under surface, into three lobes — the anterior, middle^ and posterior 
(A, B, C, Fig. 25). In pressing apart the hemispheres we find the 
eorjm* cailonm, or cvmminure of the brain (C, Fig. 24). This is 
ft thick, white etratom of trftn^verse fibres at the bottom of the 
longitadinal fiastire, connecting the two hemispheres of the brain. 
It is aboat four inches long, forming the roof of the lab^ral ventri- 
cles. The^e ventricles have prolongations, or hom^, extending in! 
the three lobes. Beneath, and almost inclosed by the corpus c 
loeom, is the fifth ventricle; below Ibis is the third ventri^^l 
Fig. 26), which commanicates downwards by a ] 
with the foorth ventricle in the medulla obtoagata. 
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The chemical composition of a healthy adult brain is given in 
the following table: — 

Water about 73 per cent. 

Fat " 12 " •' 

Albuminous mfttter " 8 " " 

Salta " 5 " " 

Phosphoric acid " 2 " " 

Total 100 

In insane persons the salta have be^n found to be only about 2^ 
per cent. 

The aupply of blood to the brain ia by fig. 26. 

way of tour arteries — the two internal carot- 
id and the two vertebral arteries. Their in- 
tercommunication, through the circle of Wil- 
lis (Fig. 27), enables the brain to receive its 
proper amount of nutrition, even should one 
artery only convey the blood to the brain. 
It the circulation is interfered with or 
stopped for a moment, insensibility immedi- 
ately follows, whether it be from disease of 
the cerebral arteries or from embolism. 

Utemorrhage upon the surface of the cere* 
bral hemispheres produces coma, but if haam- 
orrhage occurs in the substance of the cere- 
bral ganglia — the corpora striata or optic 
thalami — it produces hemiplegia. 

Galvanization of the dura mater on one 
side of the head produces muscular twitch- ^^y a™ o^ t^e ventn- 
ing on the same side of the body; but gal- *^'^ '*^ ^^^ '"^''^"■ 

vanization of the cerebral convolutions on . J ""'^f'if.**™' ^''"*- 

. , . , , , ncles. 3, Third ■ 

one side excites muscular action on the op- „,e. 4. Fourth ventricle, 
posite side of the body. This is because of 5, Fifth ventricle, 6, 
the decussation of the nerve-fibres at the Sixth ventricle, or cen- 
Upper part of the spinal cord. As a. rule, ^^al canal ot the spinal 
neither the white nor the the grav substance ^°'^- ^' foramen of 
. . -..,*, ,. Monro, 8, AqUBduct of 

of the hemispheres is excitable under ordi- Sylviua. 

nary artificial stimulus, unless it reaches the fibrous bundles of the 
deeper parts of a ganglion. 

The Cerebruin is the largest portion of the encephalon, or brain, 
forming the whole upper and anterior part {A, B, C, Fig. 25), The 
longitudinal fissure dividesit intobemispheres (E.F, Fig. 2-t). The 
upper surface of the cerebrum is thrown into winding convolutions, 





Ob Ifae ecik «l ceatns «i tlie eerelaml ccanlirtMaa, tlw open- 
J tiia* of tte iaklhrt in mui*6 pRsent etat* paitlf dcfKniL Tlui 
[ jaAiiBt HBtBsal and eHemal eMHatiOBS, iuMBOch aa to each 
B a profMr «HiU«-oeU in tbt cjHviM'iim ia anitfldf 
^ ^*l««t wUch tboe ia ao «nental tmatioii; intanal seikBatioa, 
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inastmtch as each extenml aenee must have its own internal 
organ, as will he shown aflerwards; the operations of the iiilelluct, 
inasmuch as the iiilellecl, although a faculty of the bouI, and 
therefore inorganic, cannot act in its present slate — i. e., while 
the soul is united to the hody — unless the operation of the im- 
agination {one of the internal senses, having its organ in the 
cerebrum), depending primarily on the external senses, precedes 
and accompanies it. 

Physiologically, the cerebrum is not directly esRential to life; 
since respiration and circulation are hut indirectly governed by 
the cerebral centres. Life may, therefore, continue for a time 
even if the cerebrum be diseased, injured, or partially destroyed, 
sa long as the respiratory and circulatory centres of the medulla 
oblongata remain unaffected. A lesion of the cerebral convo- 
lutions affecting the gray substance, or an impairment of its 
functions, causes either a partial or total suspension of the mental 
functions, for the reason above assigned: such as ren«un, which 
is aa act of the mind by which is determined the agreement 
or disagreement, the identity or diversity, of two things, by com- 
paring them with a third; and jwJiiment, an act of the mind 
by which it affirms the agreement or disagreement of two concepts 
or ideas.* When these funclions, depending on cerebral activity, 
are abnormal, then wo say that the individual so affected is 
intnne and incapable of performing legal requirements and 
duties; and his responsibility to God and man ceases, huanity, 
therefore, may be properly defined: Impairment of cerebral organs 
affecting rfuaori and judgment. Insanity may exhibit itself in 
vwnom'tnia, vmnia, or dementia. As previously stated, it has 
b«en claimed thai the salts of the brain are present in a deficient 
<juantily; though abnormal functions of cerebral areas may man- 
ifest themselves even without visible physical lesion being ob- 
servable after death. 



*"It is one and the same power of the boq! that underaCanda, 
reasons, and judges. That power which ia concerned in the acts of 
tni>aitt0, be it manifested as understanding, reason, or judgment, is 
wlial is generally called the mind. It is, however, sometimea con- 
sidered as the three powers, or faciiltiea, ol the Eoul taken together — 
the will, memory, and undfrttanding ; the toal being the spiritual 
substance, together with its perfections." 
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The Corpora Striata, (2, Fig. 25; and C, Fig. 28), one ia 
cerebral hemisphere, are partly aeparated by the two optic thalami. 
Their gray masses are striated with white fibres, hence their name. 
Sach corpus consists of gray matter imbedded in the white substance' 
of said hemispliere. In the center the corpus contains a layer 
white matter ( nerve- 6 bri lite) dividing its gray matter into two por- 
tions; the internal portion is termed nucleus caudatvs, the external 
portion nucleus knticularis. A layer of white matter separates the 
latter from a body of gray ma- 
ter termed dausirum and from- 
Xtie Uland of Eeil. The function 
of the claustrum is not known. 
Motor Bbres from the convo- 
lutions (3, 3, Fig. 28) proceed 
to the corpus, then to the an- 
terior columns of the spinsJ'] 
cord; since voluntary impulse 
enumating from the convolitJ 
tions pass to the cells of t 
corpus, where they may be n 
dilied, reinforced, or brought 
into harmoniously acting mol 
tor impulses (C, Fig. 28). Tha 
centre is in communic-atioi 
with voluntary muscles; andu 
the corpus striatum on one si 
of the brain be injured, hem 
B, Olfftctory bulb. C, Corpus striatum, plegia of the opposite side of tl 
D, Optic thalamus. E, Corpora qiiadri- body results, on account of the J 
gemina. S, Pineal gland. II, Crura cer- decussation of the nerve- fibr«fc J 
ebri. T, Tegmentum and H. Crista o£ i^^ j^^^nt ^f ^oth corport 
the crura cerebri. P, Pons \ aroUi. M, "^ , , , '^ - 

Medulla oblongata. may lead to permanent loss o 

I, Longitudinal Assure. 3, Place of the voluntary motion of the bod« 
corona radiflta and lenticular nucleus— fhe OptiC Thalami (tAo-' 
the lines indicate motor fibrillar commu- , i, j \ ■ i, . 

... , ,, , ^, ■,, . .> iaT«u8-abed),one in eachcere- 

mention, 4, Motor fibnlln tract. 6, Sen- , , , . , ,„ „. „.. . 

wry fibrilla tract. 7. One optic lierve ^'al hemisphere (2,Fig.2o: and 
flbrilla. 8, Fibrillar communication of D,Fig.28), are situated below 
sensory area of sight. 9, One oculomoto- the corpus callosum and partly 
riuaBbriUa. 10, One commissure fibrilla. between the corpora striata, se- 
parating these bodies. They are two oblong musses of iiray substance, 
having in the center some white matter consisting of nerve-fibrills, 




Diagram of the brain centres. 
AA, Cortex and cerebral convotutic 
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forming the communication with the more centrally locftt«d colls of 
the gray substance. Sensory fibres of the posterior columns of the 
spinal cord proceed to the optic thalami (D, Fig. 28), thence to cere- 
bral convolations. The thalamus is the modifying and distributing 
centre between the brain areas of sensation and peripheral eensory 
organs. Conpequently, if in one hemisphere it is destroyed, hemi- 
atuegtkeiia of the other side of the body results, on account of the- 
decussation of the nerve-fibres. The corpora striata and optic 
thalamus together are sometimes termed Ihe basal gaiiglia. The- 
conflicting results of experiments in regard to local stimulation, or 
lesion of either one of these two ganglia, in reference to loss of 
sensation, motion, or both, may poesibly be accounted for by the 
cloee relationship of the ganglia and their nerve-fibrillte. 

The Corpora Qaadrigemina consist of two rounded tuber- 
cular eminences in each cerebral hemisphere, and are separated by 
a slight depression (4, Fig. 25; and E, Fig. 28). They are situated 
behind the third ventricle and beneath the posterior portion of the 
corpus callosum, laterally joining with the optic thalamus and the 
upper surface of the crura cerebri. They are eolid bodies, composed 
of white matter externally and gray within. In function they 
govern the movements of the iris as well as the harmonious co- 
ordination of the movements of both eyes. If the function of one of 
these bodies becomes impaired, the iris on the opposite side cannot 
contract; or, if totally destroyed, sight is lost, although, apparent- 
ly to the observer, the eyeball has not undergone any pathological 
change. Its irritation simply produces contraction of the iria. In 
impairment of the corpora quadrigemina the equilibrium of the 
body is interfered with. (See Semi-circular Canals.) 

The Pineal Gland, so called from its pine-cone shape, lies on the 
median line beneath the posterior portion of the corpus callosum, 
partly above and behind the third venlride (6, Fig. 25: and S, Fig, 
28). It projects backward and downward between the tulxrcBla 
quadrigemina. lis function is not known, although the gray mat- 
ter connected with it and projecting to the medulla oblongata may 
possibly be an auditory ganglion, associating it with the organ of 
hearing and the auditory area in the cerebrum, in the accomplish- 
ment of the sensation of sound. 

The Crura Cerebri are two thick strands, or bundles, of white 
■ubfitance (5, Fig. 25; and H, Fig. 28) ; each crus being about three- 
quarters of an inch in length and resembling a leg (hence its 
name), la the center of each crua is a mass of dark-gray matter 
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termed the locus niger, from which Bome fibren of the oculomotorinfl, 
or third nerve, originate, eerving for numeroua and compli- 
cateil mwvemeniB of Ihe eyeball. The posterior portion of the crua 
is termed the tegmentum (T, Fig. 28), which is the path for the sen- 
sory fibruB. The anterior part is called crusta (H ), and is the chan- 
nel for the motor fibres; consequently, it is at the crura cerebri 
where the spinal sensory and motor fibres enter and depart from 
the cerebruui. Each class of fibres forms a separate tract; the 
aeneory, from the posterior part of the spinal cord, proceeding from 
the cirurato the optic thalami (D, Fig. 28); thence (5) to the cerebral 
convolutions. The voluntary motor fibres (3, 3,), from the cerft- 
bral convolutions, proceed to the corpora striata (C); thenoe to th» 
cms cerebri and cerebellum; thence, some to the voluntary mosclo^ 
of the head, others to the anterior portion of the spinal cord and 
the organs of the body and limbs. 

The Valve of Vleussens is a medullary layer in the Sylvi- 
an aqueduct, or canal, leading upward and forward from the 
fourth to the third ventricle (8, Fig. 26), and forming a part of the 
roof of the fourth. At the side of the valve originates the TrochleariB 
(Patbeticus) nerve (fourth). 

Below the cerebrum follows the pona Varolii (7, Fig. 25; and P, 
Fig. 28); while behind the pons and posteriorly below the cerebrum 
IE the cerebellum (D, Fig, 25); anterior to the latter and below tha 
pons, the medulla oblongata. 

The Pons Varolii {pong, a bridge), is sometimes called tvber' 
annular''. It is a thick, flattened band of alternate layers of transverM' 
and longitudinal white fibres, with an intermixture of gray matter, 
and connecting as by a bridge the cerebrnm, cerebellum, and th» 
medulla oblongata (7, Fig. 2.5; and P, Fig. 28.) It is divided in 
the median line by the longitudinal fissure, each half containing 
oentre cells which give origin of some fibres of the fifth, sixth, and 
eighth cranial nerves. Consequently, it is a nervous centre, and 
at the same time affords a passage for tracts of nerve- fibril lie to and 
from the cerebrum, cerebellum, and medulla oblongata. 

The Cerebellum or small brain (D, Fig. 25; and 0, Fig. 29), isi 
beneath the posterior loliea of the cerebrum, and separated from it 
by a membrane called the lentnrium cerehelH (T, Fig. 25). Like the 
cerebrum, it is convoluted and divided into halves by the longitu- 
dinal fissure. The cortex of its convolutions consists of gray matter, 
while its interior is white. The convolutions are smaller than thoBa< 
ol the cerebrum. In each cerebellar hemisphere the white mat 
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contains in its center a dentated nucleus or lump of gray matter, the 
corptis dnilatum, in the center of which is inclosed some white matt«r 
of nerve-fibrillte, thereby communicating with the surrounding white 
subetanees. Some of the fibres of the cerebellum communicate with 
the lateral coIumuB of the spinal curd.enabling the head to maintain 
the proper posture on the trunk. The cerebellum is a part of the 
motor apparatus, and, as it is the reflex centre which governs co-or- 
dinate action, a lesion of its gray substance produces not only inhar- 
moniousness of voluntary movements of muscles and limbs, but also 
disturbs the equiUbrium In balancing of the body. It is not the 
centre which governs sexualism, as was formerly supposed. Any 
slight injury to the cerebellum may cause constant agitation of 
the bead, limbs, or of both. (See Semi-circular Canals.) 



CHAPTER XIII. 
MEDULLA OBLONGATA. 



The Hedalla Oblon^ta is the snperior enlarged portion 
the spinal cord, situated within the craninm, extending from the 
upper border of the ntlas to the lower border ol the pons Varolii, 
and forming a part of the encephslon (S,9, 10, 11, Fig. 25; M, Fig. 
2S; and 31, K, L, R, Fig. 29). It is divided in the median line lon- 
gitodinally, each half being subdivided br grooves into foar col- 
tUDOS — the anterior pyramid, lateral tract, the restiforra body, the 
posterior pyramid- Tbe anterior pyramid iii a continuation of the 
anterior column of the spinal cord. The latn^l tract (embrac- 
ing tbe olivary body) is a oootinuation of the lateral column of the 
cord. The reetiform body is a coaunoation from the posterior col- 
umn of tbe cord interiorly, and extending to the cerebellum bu] 
norly. Tbe posterior pyramid is a thin, ooid-like ooalinoat 
of the posterior median n>Iunan of the ooid. 

The OliTary Bod7($, Fig.35;aadL,F%.39),8o named from its 
oliTe-shape. U M;oatcd on the lateral tracts bdiind the cpper portion 
ol the anterioT pyramid. It coDtains idimm of oentre-ct^ls. In the 
groove ItMaeeu the olivary and the restiSunB body arise some fibres 
of the ^oeso-pharyp gea l. and at the grooiv be t wee n the olivary and 
pyramidal bodies ari» some fibcee oj the bjpoglosixl nervie. 

TWJ'oitliV— trtcJaiaalBMgi ohi|nigfeeiatbe mednlla 
nMnngtti. ffifmril bjlhr iiifiwina wl\hi\ fwntial i mil of the me- 
4dla and the CMTwgeaM <d Ow pm^mor pyraatids (4, Fig. 26). 
TW Amt «( tha i«MUi^ is Sanatd b? the posncm Eurlaoa of the ma- 
4aBa.dw nei k^'thaMlMV' nwiiwa at tha aqwdact of Sylviiv 
(8) »aA latMtar mtHvar ■ »[ ■ <■ «< da eeMbaHam. Tlds ventricle 
1 1— aairaf ^warl ^ aaid a ^^ ^ ^ ^ e ^ nth Ae third ventricle. 

lBthelaa«rfan4< kbaaaAHMraad ilaiMal aqnetof tbeme- 
^dia mtei ei tha a»Ti JWai al thatwa hmM^ktescf tbe brain 
aia nde of the spinal 
k «{ A* pyramids. " 
1 al Aa aianal oord. al- 
(•ndanOy far ] 
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portant portion of the brain for the immediate continuation of life, 
aB it contains the reflex centres presiding over respiration and cir- 
F'B- 29. culation. It ie that portion of 

the brain giving origin to nerve- 
fibres, more or Icbb, of all cranial 
nerves, except the olfactory and 
the optic, and these even are in- 
directly connected with it. Con- 
sequently, in the centres of the 
gray matter of the medulla ob- 
longata, the reflexes are effected 
for respiration, circulation, digea- 
; tion, absorption, assimilation, 
^ secretion, and intestinal and 
[^ capillary peristalsis. It also sup- 
plies nerve-fibres to the muscles 
and skin of the head and face, 
all mucous membranes, secreting 
glands of the skin, and other 
Diagram of the medulla oblongata secreting organs. It likewise af- 
and cranial nerves. f°^*^8 ^^^^ ^^^'^^ ^^^ ^'"^« "'6*°^ 

A. Anterior cerebrallobe. B.Middle o* the externalsenses; viz,, («»(«, 
<»rebral lobe, C.Part of poaterior cer- sight, a.nd hearing. 
»hnl lobe. D, Mammillary eminences. The medulla oblongata is real- 
E, Crnra cerebri. H, Pons Varolii. Jy the central point from which 
K. Py™n.ida! bodies. L, Olivary body, i^ipulses are reflected affecting 
JI.K.B,L,MedullaobIonea(a, O.Cer- ,,,,., , -. 

ebellum. R.Restiformbody. S, Section the whole vital orgamsm; it con- 
ol the medulla from the spinal cord, tains thevaao-motorcentre which 
1, Olfactory nerve, 2, Optic eommiB- influences the whole vascular 
mu*. tormed by the optic tractH. lYom system by controlling the dilata- 
thi* decuMotion outward the bundles tj^^ and contraction of the blood 
w fibn^ft are termed tbe optic nerves. , ,■ . . i_- i. ,i 

1 ft ,1™,. . -, ^ J T II vessels; the centre from which the 

3, Ocutomotonua nerve. 4, Trochlear ' 

nerre. 6, Trifacial nerve. 6, Abdu- motor impulses are reflected to 
cms nerve. 7, Facial nerve. 8, Audiio- enable the muscles of the palate, 
rynerve. 9, Glosao-pharyngeal nerve, pharynx, and oesophagus to pro- 
10, Pneumogaatric nerve. 11, Spinal ^^^ auccessive co-ordinate and 
" " "" 1. 12, Hypogloaaal nr 




necessary movements for deglu- 
tition, or swallowing; the centre by which the various muscular 
movements made in speech are co-ordinated; the salivary excitor 
centre; the cardio-inhibitory centre for the regulation of the action 
ol the heart. Kirkes mentions " the so-called diabetic centre, 
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which, if irritated in the medulla oblfmgmta, causes glycoearla, this 
peculiar result being due lo the Taeo-motor changes and increased 
fiow of blood Ui the liTer." The diabetic result may poesibly be 
brought about frora the irTitatit>n of the vaso-motor contre-cells 
giving rise to oerTe-fibrills passing to the liver only. 

The blood flowing through the roedutla supplies nourishment in 
order to keep up the energy of the cells. A high temperature 
acts as a powerful etimulue on the heart and )ungd, increasing the 
stimuli for reSes action of the centres in the medulla oblongata. 
Cold lowers the stimatation, the reflex faoctions, and the temper- 
ature. 

Normally, the va«>-motor and respiratory centres receive impulses 
for reflex activity — the former from the be^nning of the formation 
of the fcttut IN ut<n>, the latter from birth, and both to the end of 
life. 

The Bespir&tory Centr« is pituated at the Calamus Seriploriu*, 
at the fltmr of the fourth ventricle. It is termed the vital pO)nf,and 
ciinBists of two slight protuberances of gray centre-celU in each 
hemisphere of the mMiuUa oblongata. The stimulation to this 
vital ]>oitU is derived fn.im the lungs, which are stimulated 
by the carbonic acid of the venous blood in the lun^s. The 
oxygen of the inhaletl air produces a satisfying influence. Con- 
eeqvicntly, for normal respiratory actions it is required that 
carlwnic acid and oxygeu be present in moderation. If the 
lungs are oversaturated with the elements of either one (of 
carbonic acid or of oxygen) the stimulation to the lungs and 
to the respinilory reflex centre ceases, and apnaa, or ceeaation 
of the respiratory movements, results. Respiratory stimulation, pro- 
ducing over-excitation of the respiratory centre, gradually exhausts 
it, rosultiuii in n»phj/xia. This may happen even to the embryo in 
tlie uterus, it the mother's blood becomes deranged in that manner. 
Respiratory irregularity is one of the most minacious symptoms in 
brain affections, showing that the reflex centre of the medulla 
oblongaU is affected. This phenomena depends on an improper reflex 
action of the mwiuUa lo the respiratory organs. A suspension uf 
eillKT Hcnwiilion, volition, or intellectual power does not necessarily 
imlicalc imiiiudiate danger of death. C«rebral apoplexy, either from 
liB-morrhu^ at the surface of the hemispheres or a bffimorrhage in 
tlifl cerobriil j-anglia, is not at once fatal; but it is so when occurring 
at the floor of tlio fourth ventricle in the medulla. 
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■ Degtutition ia under the reflex control of the medulta, but mastication 

■ is voluntary, continued or arrested at will, while swallowing or 
I deglutition is voluntary only from the muutli Into the pharynx, aft«t 

■ which it is reflex and involuntary; and, when commenced, can- 
I not l>e arrested at will, and may therefore be performed after all 
1 Toluntary power has disappeared. Swallowing, when no longer 

■ possible, or accompanied by choking during disease, and this when 
I the throat is clear, indicates that the reflex centre of the medulla 
I bns become serioufily aSected, and death near at hand. Exercise 
m of the voice or exhibition of emotion requires the co-operation of the 
t cerebrum and pons Varolii; but the immediate mechanism in the 
W larynx by which sound is produced has ilB nervous centre in the 
I medulla. The fibres of the hypogloesal nerve originate in the me- 
I dnlla, and carry the motor impulses to the muscles of the tongue, 
I and regulate the condition of the rima glottis. Disease of said 
I Serve paralyzes these muscles, and makes articulation difficult or 
I impossible. In this affection, ths inability to speak is very evident 
Rrom ataxic aphasia, which is of cerebral origin, consisting in loss of 
^powerin the necessary nervous combinations. 



CHAPTER XrV. 

NERVOUS CENTRES AND KEFLEX ACTION. 



Fig. 30. 



In the nervous syatem every collection of gray matte 
a NerrooB Centre. A nervous centre is an area or s 
of gray cell?, with functions peculiar to each group; so that a mass 
of said matter generally has many centres, with various functions. 
In fact, every nervous centre concerned in reflex impulses has the 
power to inhibit, restrain, or accelerate them. The cells of nervuia 
centres are round or irregular in shape, and consiat of a soft, eeroi- 
transparent, finely granular albuminous substance, their size vai 
ing from 8 to 13D micromillimetres in diameter. The largest 

tre cells are found in the anterior horns 
the spinal cord, the smallest in the sjrm] 
thetic ganglia, the middle-^ized in 
brain centres. Most centre-cells of the 
bro-spinal system h&v« processes comma-' 
nicating with the axis-cylinders of the 
ner%'e- fibres. Some cells have a single pro- 
Diagram of nervous <^«®S others more, and aie eeverally termed 
CMitre-cells. mnipaiar, bipolar, and nidlipclnr (Fig. 30), 

. ^ . . ., n -i The nucleus of the cell is distinct, and 
A,1TiupoUrc«ll. B, Bipo- ..... , , . ,. 

hroelL C Unltipolaredl. contains a well-defined nucleolus in direct 
2. PracMB thim^ whicfa romrounicatlOD with the axis-<-yl)nders of 
IheBerre-fibrillvfns toor minute nerre-fibrillK (2), which communi- 
?'"'•■ tl****"- 1^ *^!"^'" cate either with another nervous centi 
n a direct manner with peripheral 
lation cells, such as a tactile corpi 
Pacinian body, terminal bulb, o 
al plate, (See chapter on Serve-fibres 
Their T^miaals.) Some of the nervoos centre-cells have a 
whicfa tenninatss abruptly (4), appearing to have no communii 
lion with nem-fibhU». Such a prwress is tnmed an axU^indfr^ 
pnam, the fonctioa of wht.-h is unknown. 

The anAifeeUtHOs, or fUDctioos. in vfaidh the different nervous 
etntxc* an iavolTed, cither nngty or in combiBation, may be said 



i 



o(Ukr<*U. 
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to conatitute nine classes — five for the external seneea, and four for 
the internal. The centres involved with the five external mani- 
foetations have all been determined to be connected with the organs 
fti nghi (eye), hearing (car), stnsll (nose), lasle (tongue and mouth), 
and tourh. The centres of the four internal sense-organs, the loca- 
tionB of which have not yet been determined, are those for the mani- 
festation of common seme, the imagination, estimative faculty or 
instinct, and eensilive memory. (See chapter on Senses.) 

The impnlses which call the nervous centre-cells into action are 
derived from irapressions by stimuli on either the external or inter- 
nal organs, through sensory nerve fibres. The nervous centre, 
then, directs, distributes, or forwards an impulse to either periph- 
eral or internal organs direct, or to another nervous centre; the lat- 
ter to cither direct, modify, analyze, classify, redistribute, or check 
them, and to convert them into impulses which are transmitted 
through motor fibres to distant organs. Some groups of centre-cells 
act constantly or periodically. Of those acting constantly the vaso- 
motor and respiratory centres in the medulla oblongata are good 
examples. It is well known that with volition in suspense, as when 
aeleep, actions by reflex arc much more severe; in fact, when awake, 
many can be entirely prevented. Slight epileptic attacks, and eon- 
vnlaions of children from indigestion, may often be prevented by 
will power during waiing hours, which during sleep result in severe 
attacks. Stimulation of a sensory organ may produce various 
reflex actions simultaneously, especially in children. For instance, 
powerful stimulation of the skin of the foot may cause movement, 
in bending and twisting the limbs and body; secretion, such as 
tears; excretion, such as urine or sweat; or pain in the organ Htim- 
nlated. Powerful stimulants iucrcoee the reflex excitability, while 
narcotics diminish it. 

Seflox, physiologically considereQ, takes place only in a nervous 
centre, and refers to the action of an organ (muscle, respiratory, 
circulatory, or secretory organ) receiving its primary impression 
from stimulus directly, or indirectly through impulses from another 
orgsD. The terminal sense-organs do not transform the outer ener- 
{7 into physiological energy, but the stimulus excites changes in 
the terminal organs in producing activity within them. The indi- 
vidual may or may not be conscious of this action. Sensation is the 
vital organic representation. (See chapter on Senses.) Properly 
applira to the endowment of a nerve, nerve-fibre terminal, or mus- 
cular fibrt?, to respond to a stimulus; the action of response is 
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their irritability. Irritation is always followed by the phenoi 
noticeable in living matter only; but does not involve the exe 
of the inherent force of the irritant itself. ExeitabUiiy is the 
cial irritability of living matter, and may be affect«d by a varietj 
of stimuli: — 

1. Normally, by influences on, or changes in, the terminal 
tral organs. 

2. Thermally, by variation of temperature. 
3- Chemically, by the application of acids, alkalies, metallU 

salts, etc. 

4. Electrically, by continuous or induced currents. 
6. Mechanically, by intermittent pressure, pricking, beating, setf 
tion, etc. 

Heat increaseB, while cold diminishes, excitability. When 

nerve or a muscle is at absolute rest for a long period its 

bility diminishes; or, if such tissue be inactive beyond a certaii 

Fig. 31. time, it wastes, becoming thinner, am 

degeneration of its own substance 

suits. 

Reliex action requiring the co-opera- 
tion of cells of several centres in order 
act harmoniously towards certain resuj 
is termed co-ordinalion. Either voluntary 
or involuntary external activity is, pri^ 
marily, involved in reBcx action, whii 
Diagram of the reflex act. essentially requires seven agents: a se 

A.SensoryreceivinKorgan. sory receiving organ (A, Fig. 31) 
B, Afferent (eenBory) nerve- nected to a sensory nerve-fibre (B), 
flbr^C. Nervous ™ntre.«.n. ^o^j^^nication with a nervous centre 
D, Nerve-flbnlla between „ ,,,^ , . , . , . 

centre-cells. E. NcrvouBcen- cell (C), which receives and transfers 
tre-cellB. L, Efferent (motor) nerve impulse through a nerve-fibriUa 
nerve-fibre. M, Muscular, (D), to a nervous centre or cell (E), this 
tecreting, or excreting oryan. forwarding an impulse through a motor 
nerve-fibre (L) connected with an internal or a peripheral organ 
(M), Nervous centres are generally connected with each other by 
nerve-fibrillfe; many of the latter together constituting the medul- 
lary or white nervous substance of the brain and spinal cord. 

The co-ordinate movements and reflex acts may be 
three different ways: l.Frominternalorgans through the eympal 
and cerebro-spinal system to voluntary muscles and sensitive 
faces. 2. From sensitive eurfaces through the ccrebro-spinal 
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^^pathetic Bystem to involuntary muscle- fibres and secreting 
organs. 3. From one internal organ to another, through the sym- 
pathetic nervous system. 

It is owing to reflex action that the normal activities of the vari- 
ous orgaoB, and tbcir functions are maintained; as, for instance, 
the contact of food with the mucous membrane inciting the mus- 
cular coat of the intestines to peristaltic action: the gall-bladder 
discharging its contents into the duodenum during the process of 
digestion; the circulation of the blood becoming accelerated during 
digestion in order to facilitate glandular secretion. It is also due 
to reflex action that all kinds of disturbances of the physiological 
equilibrium are produced — such as convulsions in children from the 
irritation of undigested food; diminished or unnaturally increased 
appetite from any diseased part of the system; mental depression 
interfering with the digestive proces* or with secretion; terror, caus- 
ing the pupil of the eye to dilate, or the action of the heart to be- 
come increased or diminished; in early pregnancy, the change in 
the condition of the uterine mucous naemhrane causing nausea and 
vomiting; fright, interfering with the menstrual function, or pro- 
ducing premature delivery or other disagreeable occurrences; local 
inflammation, arousing the general circulation, since increased heat 
augments reflex excitability. 

Sympathy of one organ with another is the very foundation of 
the maintenance of life; for, if the action of one organ is increased 
and other organs act normally, the affected organ would soon 
become exhausted; but if the action of one is increased and others 
diminished through vital equilibrium, the system suffers le^-s. So, 
on the other hand, the continued violent action of one part may 
affect others in such a degree as to cause cessation of all. These 
sympathetic functions are governed by reflex actions, and are fur- 
ther illustrated by the sympathy of the eye with the stomach, as in 
amaurosis, strabismus, and even hemiplegia from indigestion; in 
diarrhoea arising from coldness or wetness of the integument; in the 
^mpathy between the stomach and the liver; of the intestines with 
the stomach and the brain; of the skin with the parts below; of the 
uterus or kidneys with the stomach; and, finally, in the circulation 
of the entire system, aroused by an inflammation or disturbance 
of one part. 

Certain reflex actions may be controlled, or even prevented, by the 
will. External reflexes are illustrated by the contraction of the 
abdominal musclej in response to stimulation of the skin over the 
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mamms, sometimes caUed abdominal rtfitx; the ticHing abdominal 
refltiy or contraction of abdominal muscles by stroking the skin 
over the side of the abdomen; the plantar re/ex, bv tickling the 
sole of the foot, producing moTonents of the toes, or of the toes and 
foot; ihe pupil rr^rx, being its dilation (the iris) on stimulation of 
the skin of the neck, or its contraction on exposure of the eye 
to light. 




CHAPTER XV, 

NERVE-FIBBES AND THEIR TERMINALS. 

Nerre-fibreB are cylindrical filaments, -which generally run 
parallel in groups or tracts (A, B, Fig, 32), They are composed 
of an external gheath (1), axis-cylinder (3). and a medullary layer 
between these two (4). The sheath is a colorless, elastic, tubular 
membrane, which protects the internal parts of the fibre. The 
medullary layer is termed the while euhslance of Schwann. It is a 
transparent, oily substance, giving the fibre a white, shiny appear- 
ance. Physiologically, it confines the transmission of nerve-fibre 
currents (impulses) to the axis-cylinder, a pale, homogeneous gran- 
ular, cylindrical cord in the center of the nerve-fibre. It differs 
from the medullary layer, which is nearly fluid in consistency, in 
being more solid and elastic, extending the entire length of the 
fibre, and of which it is the most essential element, since the cur- 
rente pass through it. 

Nerve-fibres vary in diameter from about 2 to 16 micromilli- 
xnetres; the smallest being in the brain and spinal cord, the largest 
in the nerves of the periphery. In some parts of the nervous sys- 
tem they also differ in construction, some being medullatcd and 
others non-mfdtdlaled, though not diffcrnig in function. The latter 
only have no medullary layer, are not so white therefore on ac- 
count of its absence, and are found near the cells of gray substance 
of nervous centres and in nerve terminals. Again, a fibre may have 
a medullary layer through a portion of its course, but none at its 
-termination, as in the cerebro-spinal nerves; or it may originate 
■without this layer and after a short distance become medullated. 

When nerve-fibres issue from bony cavities, they usually coalesce 
into bundles, which are held together by a thin connective tissue 
coat termed KeurilemmB (A, or B, Fig. 32),derived from the dura 
mater and periosteum. Such a bundle of fibres is called a Nerve 
(A or B), and generally contains both sensory and motor fibres. 
These fibres do not branch or inosculate with each other in the 
nerve, though a fibre may separate from one nerve (2) and join 
another. Each fibre is continuous, and independent of every other, 




wmunatHm; t.t,, 
onti^-celli, ihe 

t^~i.~~ -.-, ....^i-r^.-^ ?*fexiuu of EQotor and 

-^ "Ilie D^orilemnik of the 

;h fcQ^itirenesa by vir- 

^ ..: ihe Denrilemiaa; it U, 

>ex^iub<ie id «ny part of the 

tt. BuiTOw-like suhstAQce of the 
-. -f.mal cord ta almo^ entirely 
■ :' nerre-fi brill*, which in these 
- : ■ not mo in sej.arate covered 
- 1- nerres, u the cerebro-spinal 
: --- -'Ti tbe oataide of the skull and 

N>rir the peripheral termination 
. e dbre^ change both in stracture and 
irrjnsvment, since they divide and sabdi- 
■ ii>- (Fig- 33). yet each branch of the sub- 
i.;\ijii>n retains all the original fonctions 
< - ^ nerre-Sbre, aad form many jiUxuaa, 
'.[ir tibrillK of which supply tbe anatom- 
ical elements of the tissues. In the tissues, 
especially in the ekin, there are two of such 
plexuses, a deep and a superficial one, tbe 
Diagram of two Nerves latter being more closely arranged, and 
and Their Fibres, most intimately associated with anatom- 
A, Kerve, the neurilem- '*^*I elements. At the place of subdivision 
ma of which incloses five into a peripheral plexus, the nerve-fibres 
nerve-fibres. B, N«r%-e. are constricted (2, Fig, 33)[ each branch 
the neurilemma of which ^^^^ fallows the constricUon la nearly 
incloaea four nerve-fibres. i ■ j- . » .l ei l * i 

g. . . equal in diameter to the fibre before sub- 

fibre. 2. Two nerve-fibres division. At the jwriphery the sensory 
separating from one nerve fibres terminiite either in tactile corpuscles 
and joining the other. 3, (Fig. o4). Pacinian bodies (Fig. 35), or in. 
Ajtis-cylinder in the cei- terminal bulbs {Fig. 36); the motor, in tho 
tre ol the nerve-fibre. 4, . , , . /p- o-^ .. « ! ,. 

Medullary lay«r, or white te™""«' P'^^^^ (Fig- 30; the first three 
substanceof Schwann, be- '•^ing cell-like bodies. The various forms 
tween the external sheath of the terminal cells of nerve-fibres have 
and Bxia-eyliuder o( the their resi»ctive special and separate secret- 
nerve-fibre. j^g ^j^^ other functions, in the various 

-organs and tissues of the budy. 
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■nil* Tactile Corpuscle (Pig. 34) is of an oval slmpe and sit- 
uated in the jiapillie of the skin, being most numerous near the 
lips of the fin<rers and in the soles of the feet. They are organs of the 
special sense of touch {organa tactus), most highly developed in those 
Fig. M. 

Fig. 34. 




Diagram of Nerve- fibre 

Branching. 

1 , A nerve with three nerve-fibres. 

a. The eoiwlrk-lion of the nervo- 

fibrcs at their point of brandling. 



Diagram of a Tactile 
Corpuscle. 

1, Nerve-iibresheftth. 2, 
Axis-cylinder. 3, Terrain 
tion of tl ■ ■• ■ 



8-cy Under. 

parts more numerously supplied with tactiles. The corpuscle con- 
nisls of a central, transparent, gelatinous mass, surrounded by an 
envelope of connective tissue. It has many transverse elongated 
cells with nuclei, and is supplied by a nerve-fibre, which, on enler- 
inK the corpuscle, loses its sheath (1). The sheath becomes amal- 
KamKtcil with the outer wall of the corpuscle. The medullary layer 
disappears also, so that the axis-cylinder (2) alone enters and ter- 
minates inside the corpuscle. The high degree of sensibility of a 
tactile corpuscle depends on its internal cells and its connection 
with the nerve-fibre. There are differently qualified degrees of the 
sense of touch. Thus, the modification of the sense of touch, by 
which certain qualities, such as BottnesB, roughness, etc., of bodies 
are fell on very delicate contact, must not be confounded with or- 
(Uoary Mnsitiveness to pressure and temperature, nor with pain, 
which pertains as such directly to the "Common Sense." It is said 
"an oucb" because pain has reference, too, to the sense of touch. 
Again, certain narcotic poisons will render a person insensible to 
preHOre, pain, or temperature, without, however, affecting his 
10 
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of roaghnese in a body. 
able h> pun, but remains eeneible to 
p ertriaia g to the sntw of toocb. ( Vide Senset.) 
is oral-shaped (Fig. 35) and coiiMsts of 
(3), incloetng a transparent, colorleefi, 
ia iCE eential portion. It is found on the per- 
at some of tee oerebml, spinal, and eympa- 



Um sabenbuwoDs connKtire tissue of the skin 
tibe dnma, bot not in it; also, eitber between 
I cfatbetial cells of the mucous and 
ibcsBBs; in the conjonctiTa and lips, and sensitive or- 
gktts of the bodr. A single branch of a nerve- 
film (5) mteis tbe Pacinian body. At the 
pant ol entrance into the loiy, the external 
■faealh (4) is continuoos with the external 
ooimectiTv tiseae lamina (1). The medullary 
layer of the 6bre disappears, and only the 
azis-cylioier (3) enters the central portion, 
aad continues to its extremity. The Pacinian 
bodies are also organs of touch {organa taetua), 
and are beliered to be tbe organs oa which 
fensatioo depends, snch as pressure, pain, etc., 
which are common to all organs. Undoubt- 
edly, the Pacinian bodies diSer in giie, struct- 
Oianam of a Paw- ""• ""* f'""^^'*'". more or less, in each organ, 
nian Body. ■* f^****^ illustration is afforded in the peculi- 

1, Ctonective tiasne »"»y "^ ^« ^^"^ "' ^"^^^ *'^" ^^^ ^"'•^'^o- 
layer. 2. Coorenlrio (iaiv operation (RAinop/ogfy), where a portion 
lajrwra of coiimcUto of the skin of the forehead is partly turned 
3, Axie-cylin- downward {not cuttin;! all the nerve- fibres) 
to make a new nose. W'bea the nose itches 
tbe person scratches the forehead as the seat 
fibre. 7, Five Pacinian of sensation. This also evidences that exter- 
bodies and branches of nal sensation lies in the organ, and not in tb»U 
aiien,T.-iibr«. brain. ( I'lde chapter on The Senses.) ■ 

Tho Eonseof touch is the most important and the most necessar]^ 
fnr the vital economy, as without touch no external impression can 
be produced on any organ. Thetouchof the ray of light on theeye 
stimulates sight; the touch of the vibrating air (sound) stimnlatea 
hearing; the touch of substances to the tongue, uste; floating par^ 
,tt«r in the air, smell; substances touching the oesoph- 




tinue. 

Nerve- fibre 
Bheath. 5, Nerve-fibni. 
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aga#, stomach, intestines, slimulate the secretions and peristallic 
aciinn; the touch of carbonic acid elements in the blood stimulates 
the motion of the heart, lungg, kidneys, liver, and skin to contin- 
ual activity. When the sense of touch in the general economy is 
severely impaired, the person is dying, or, when entirely lost, dead. 
The Terminal Bulb (Fig. 36) is either a round or slightly 
elongated, closed body of connective tissue, containing a fine gran- 
ular substance, and transverse cells with nuclei. It is found within 
the papillcc of the mucous membrane of the tongue. A nerve-fibre 
(2) enters the papilla similarly to that of the Pacinian body, the 
sheath of the fibre continuing with the outer connective tissue layer 
(I). The sense of tast« depends on the terminal bulbs, which differ 
from the tactile corpuscles in being smaller in size and of simpler 
structure. {Vide Glossopharyngeal Nerve.) 

Fig. 37. 
Fie. 36. 



to 




Diagram of a Terminal Bulb. Diagram of a Terminal Plate. 
Fie. 36. I, Connective tissue layer. 2, Nerve-fibre. 
Fig, 37. 1. Continuation of the nerve-filire aheath willi the aarco- 
lemmB. 3, Iferve-fibre, the nxiE-cylinder of which spreads out and 
forms Ibe terminal plate in the muscular fihre. 
The peripheral cells of nerve-fibre terminals and the cells of the 
nervous centres are two very important factors in nervous operations, 
while the nerve-fibres are simply conductors of the special nervous 
impulses between the peripheral and centre cells, the result being 
determined by the position and character of the terminal cell-organs. 
The external receiving organs are of various kinds, so as to be cap- 
able of appreciating the different kinds of stimulation presented, 
tlllutrated by those in the eye (cooes) receiving the stimuli of light; 
in the car (organ of Corti), sound; on the tongue (the terminal 
bulbe), taste; in the nose (olfactory membrane), BmcU; skin, fin- 
ger ends in particular (tactile corpuscles), special touch; and all 
organs (Pacinian bodies), general touch. 

The Terminal Plate (Fig. 37) Is found in the muscular fibre. 
A nerve-fibre (2) penetrates the muscular fibre (1) at a right angle. 





ireB^-E-FTBIES ASD THEIR TERMIKALa. 

JtoshMth becomes blended with tht swcolemina, the medutlary layi 
disappearing, while the axi^-cyliDder enters the mueotilar fibre &m 
expands into a Urminal plait, ( ITde <Aapter on Mu.'icular Tissue.) 1 

NeTT»-flbres are the me&na oE comma Dicatioo, connecting the 
nervous centres with the organs of sensation and of motion, and are 
endowed with im'l<i6i/tfy, by which impnlsesare transmitted through- 
out their leng'h. The phy&iolo^cal attractire power of a elimnlDB I 
for an impair produced at the extremity of the nerve-fibre is Bimi>l 
lar to a magnetic bariba^ing attractive power only at it5 extremity. i 

The physiological irrilabUity of a nerttie that property of becom- 
ing excited by the proper stimnlos. Other tissues and organs possess 
nailar property if stimnli adapted to their physiological charac- 
ters be applied. A gland, when stimulated, produces a secreted fluid; 
a muscle contracts, producing a movement of the parts to which it is 
attached. An impulse through a nerve-fibre brings about atomic mo- 
tion (quivering), and, if sufficiently strong or prolonged, causes a 
change of the composition of molecules, and exhaustion in the axis- 
cylinder. This is proven by stimuli frequently applied in the same 
place, the irritabilty being soon weakened or destroyed. Nervous 
as well as muscular irritability becomes exhausted by continuous 
stimulation (excitation), but if at rest for a time their irritability 
will be partially or wholly restored, and if stimulus be applied may 1 
Again become exhausted. The irritability and transmission of im-1 
pulses of both sensory and motor nerve-fibres can be diminished or^ 
totally suspended by cold, compression, contusion, or laceration, if 
the injury is sufficient. After the nervous irritability ia restored, 
the power of sensation and motion is re-established. The senaory 
(afferent) fibers transmit impulses inward to the nervous centres; 
the motor (efferent) fibres transmit impulses from the nervous cen- 
tres to peripheral organs. As a rule, both the afferent and efferent 
nerve-fibres ara associated in the same nerve and carry impulses in J 
II pposite directions without interfering with each other in their funt}"! 
tions. No anatomical difference appears to exist between tht«0 ^ 
fibres. In some nerves, however, the sensory and motor fibres ara 
in separate bundles (nerves), like those of the facial nerve of the 
fifth cranial, being composed of sensory fibres which are distributed 
to the integument of ths face and the mucous membrane of the J 
mouth; while the branch of the same nerve distributed to th^l 
muscles of mastication consists of motor fibres. The fibril of i 
nerve separate near their terminal distribution. 

The irritability of muscular fibres and that of motor nerve-fibrsi] 
^ct; which is proven by the action of woorara, which destroys 
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the irritability of the nerve-fibres withcut affecting the muecular 
fibres. This accounts for two kinds of paralyeis: 1. A nervoue par- 
atyeia iiffet'ting the nerve-fibrea only, the muBcle being still con- 
tractable by direct etimulus. 2. A muBcular paralyBie, in which its 
fibres are directly affected, not the nerve. 

The action by which seneory and motor nerve-currente are for- 
warded Is very rapid; yet there is a short interregnum, and con- 
Eequently it is not instantaneous. In sensation there are three 
succeesive stages — the reception of an impression by the sensitive 
nerve- terminal, the tranemission of the impulse through the nerve- 
fibre, and the vital representation in the organ. ( Vide chapter on 
Senses.) 

The speed of transmission in motor fibres is about from 30 to 32 
metres (about 104 feet) per second; in sensory, from 50 to 60 metres 
{ab.^ut 196 feet). The transmission of impulses within the spinal 
cord differs very much — tactile impressions, 44 metres (about 144 
feet); painful, 15 metres (about 49i feet); and motor, 12 metres 
(about 39i feet) per second. 

It is an impwrtant fact that, should a nerve be divided in any 
part of its course, commuriicniion at once ceases, sensation can no 
longer be produced by impressions from without, and no voluntary 
contraction is incited in the muscles. A division of a nerve-fibre, 
or pressure sufficient to separate its axis-cylinder, though its sheath 
may yet remain intact, destroys the transmission of impulses. The 
division of a nerve-fibro, as well as its function, may be restored, if 
both ends at the point of separation remain in apportion; and even 
if a portion of a fibre is destroyed a reproduction of this part may 
take place. If a large nerve is divided, each one of its fibres again 
nnit«s with iis fellow, and not with others, so that the function of the 
entire nerve may be restored. The restoration of the normal func- 
tion of a large nerve requires from three months to about two years, 
according to the age and condition of the individual. A division of 
small nerve branches produces a local aniesthesia in the immediate 
neighborhood, which continues for weeks or months after the heal- 
ing of the traumatism. 

Electrically,differentactionscan be produced by direct and inverse 
galvanic currents. If they traverse the nerve in the natural direc- 
tion of its fibres, from origin towards termination, it is called direct; 
contrary, inverge current. When the nerve is fresh and irritable, or 
when the galvanic current is of sufficient intensity, a muscular con- 
traction takes place at both the commencement and termination of 
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THE SPINAL COLUMN. 

The Spinal Colmnn coQaiats of thirty-three vertebrte, divided 
into Bevon cervical, twelve dorsal, five lumbar, 
five Bacral, and four coccygeal (Fig. 38). The 
vertebra of the first three divisions are called 
true vertebTX, as they articuhite, but are de- 
tachable one from another; while the cartilage 
connecting the vertebrte of the last two divi- 
sions becomes oesified, and each division forma 
one bone, and are therefore termed false verte- 
brte. The true vertebrte are joined by elae- 
tic ligaments, and between each is a disc of 
fibro-cartilage acting as a cushion. This, owing 
to its softness and elasticity, prevents jars and 
shocks, and admits of various movements. The 
spinal column is arranged in a ntero- posterior 
curves, which, according to their position, are 
termed cervical, dorsal, lumbar, and pelvic. 
These curves facilitate the movements of the 
body, protect the spinal cord in the movementB 
of the spine, and enable it to bear a greater ver- 
tical weight; so that about ten times greater 
vertical force Ij required to bend it than if it 
were straight. The dorsal and pelvic curves are 
backward, so as to enlarge the cavities for the 



Diagram of the spinal column. 



1, FJrrt oervioil vertebra, or Btlas. 2, Second cervical, or asia. 3, Seventh, 
Br*:**- lut cervical vertebra. 2 lo 3. Cervical curve forward. 3 to 1, twelve dorsal 
P -VBrtebrjE (curve backward). 4 lo 5. Five lumbar vertebne (curve forward). 
I; « to T, Five sacral vertebrae, {the pelvic curve backward). 8, Four coccygeal 
I Vertebne. 9, Spinous processea projecting from the vertebroe. 10, 10, Foram- 

I through which the spinal nerve-fibres issue, formed into nerves. 2 to 6, 

Boundiah-Bquare projecliona anteriorly, termed Bodim of th« vertebra. 
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farwari, in order to sopport ihe parts 



IW t^lmaX fSord te a lon^ ^iisdzical, nenroos mass inclosed 
it comMb <4 * P^T «>lwlAnc« ■□ it« ceDUr, 
< ky wUto ma U n Ik llic otaOax d the gray substance is 

I near the ealamiw eeriptcriut in 
ikMiuvard through the whole 
le^th (d the cord <6, Fig. -26; 
and S, Fii;. 39). 

The intornal purticm, or gray 

iutetaiMv, of the cord consiste 

of nerrc-ns centre-cells and 

nerve-fibrillK; the external, or 

white fubEtaoce, being com- 

jHiEsed isf uerre-fibres, artai^red 

by two depressions into tracts 

n' three divisions — an anterior, 

* ^ lateral, and posterior column 

•^ • ' (5, 6, and 7, Fig. 39). The cord 

diminisb<« as the nerve-fibres 

emerse, so that at the lower end 

--" " , , , it eraduallT disappears. The 
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;, 6, LaJ£nl col- , , , , , 

r, Aaleriorcwlonins. 8.1>«- *"" *"!'''" "^ *•*« "»" »" *"*- 
tomkally conliDUOUii, laterally, 
f from, ifae through the nerre-Bbres of its 
commis^'ure, and, therefore, act 
only as « single orgaD. The anterior ncrre-roots (4) issue from the 
c#lla ol the gray aubetance of the anterior horns, and convey im- 
pulse* outwardly for the motion of musclee, for secreting and ex- 
rwling organs, likewise for vaso-motor, vaso-dilator, and tropbJc 
timclions; while the posterior ncrve-roote (3) are connected with the 
|niatcrior homsof gray matter, and convey senaory impulses inward 
to the oonl and brain. The ceils of the anterior horng (motor) are 
larj^' with miillipolar processes; while the cells in the posterior 
h<>rmt (wnsitry) are smaller and spindle-shaped. The nerve-fibres 
ol the spinal "nerves and the fibres of the srmpalhetic system free- 
ly t^>umiuuiMte with each other in the neck, thorax, and abdomen. 
T)w ^^^^Ve-tibree pass from the cord through the luterver- 
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foraiiUDa {10, 10, Fig. 38), f.irnied into thirty-one pairs of 
nnrveB, which are finally distributed to the various parts of the body. 
Eight pairs are cervical; twelve are dorsal; five, lumbar; five, aacral; 
und one coccygeal. Each nerve has two roots — an anterior and a 
poet«rior root. The anterior root-fibres are motor; the posterior, 
sensory. The latter, before entering the cord, pass through & gan- 
glion (10, 10, Fig. 40) consisting of gray matter with bipolar cells. 
Fig. 40. 




Diagram of spinal nerves. 
I, 1, Posterior boms of the gray matter. 2, 2, Anterior home of the gray 
zuatter. 3, Anterior median fissure. 4, Posterior median flasure. b, 5, Pos- 
'terior columns. 6, 6, Anterior columns. 7. 7, Lateral columns. 8, Central 
c&nal. 9. 9, Sensory nervc-fibree. 10, JO. Gan^flia on the sensory nerve-librea, 
31, 11, Motor nerve-fibres. 12, 12, Spinal nerves. 13, Pia mater membrane. 
14, Arachnoid membrane. 15, Dura mater membrane. 10, 16, Neurilemma. 
U", 17, Kerve-fibres supplying the muscles and skin of back. 18, 18, Nerve- 
Atires supplying the muscles, elcin, and sides of tbe liody. 19, 19, Sympathetic 
eanglia . 

The Law of Waller shows that the nutritional activity of a nerve- 
fibre is in the direction of its physiological activity, and that its 
nutrition is inSuenced by the nerve-cell with which the fibre iscon- 
nected. If, therefore, the posterior root (9) be divided between the 
cord and the ganglion (10), the fibres in connection with the gan- 
glion remain unaffected, while the interior ends degenerate. If the 
anterior root (11) of a spinal nerve be divided, in a few days the 
ends of fibres, cut off from the cord, degenerate, while the ends at- 
tached to the cord are still nourished. The effect of this degenera- 
tion on the motor fibres extends through the nerve to its final ter- 
minations. In degeneration of the fibres the medullary substiince of 
SehvMinn (4, Pig. 32) disappears, and the axis-cylinder disintegrates, 
torming drops of fatty matter. 



IM THE SPI5A.L OOBD. 

The brain motor fibres that enpplj the body and limbe ) 
one hemisphere to the other at the anterior prrunida of the medul- 
la oblongata, where most of them cross the median line (M, Pig. 
88), to the lateral columns of the spinal cord. Here thev enter the 
multipolar cells in the anterior grar hcHiis, which then give off the 
anterior spinal nerre-fibre^ (motor) (4, Fig- 39; and 11, Fig. 40). 
Some of the brain motor fibres do not croee at the medulla, but pass 
to the anterior pyramidal tract of the mednlU, and continue to the 
anterior col omn of the cord (7, Fig. 39; and6,Fig. 40).then passing 
to the sympathetic ^nglionic cells of trof^c (nntritive) centres. 
The impulses throogh the cerebro-spinal eensosy nerre-fibiefl pass 
from the peripheral <Hgans to the celU of the poeterior gray horna 
oC the spinal cord (3, Fig. 39; and 9. Fi«. 43). From the«e cetle the 
fibres proceed upward to the mednUa oblongata, where they cross, 
similarly to the motor fibres (M, Fig. 2S), from cme side of the cord 
to the opposite side, to the Inain centres. On the onteide of the 
bony cavity of the spine, the motor and sensory nerre-fibres pro- 
ceed logether^coalesced in tmnks(neme), without interfering with 
each other. A spinal nerre is, therefore, made np of sensory and 
motiir nerre-fibres, which transmit the irapokes necessary for sen- 
sation and motion. 

By this it is proven that the spinal cord is the exclusive organ of 
commonicatioo between the brain, the body and limbs. It also 
■ends oat Derre-fibres from centres oi its own, to supply the int«ga- 
nt and muscles of the neck, tronk, and extremities, and contains 
lex centres for the sphincter, or oonstrictor, mosclcs of the organs 
qf vracuatioo- The small intestines, OBcom, and colon are snp- 
plied exclusively with nerves from th« abdominal plexos of the 
l^iBiMUhetic si^tem; while the lower poctton of the rectom, mocons 
Banbrane, and sphincHr moscles reean branAes from the sacral 
plaxns of ^nal nerves. The rrt^itioD and discharge of feces are 
dieted by two seta of moscalar fibres, wbidt are regulated by !«• 
flex InAneBcc tkmi|^ ttte s{Hnal card. One of these muscles is the 
T «M, wUch keeps the orifiee cf Ae anOB dfeed, while Uia 
wcatandoxenlar B«scalar fibns of the rectum, open it. Any 
•xtKsal irritalko to the s|iUiKlir ani iaereasei the contraction of 
da fibres, cVIn^ the saw aMr»caa|4e«sly. Its habitual closure ta 
•ntinly involuntary ^oiiag deep aad im waking hours, depending 
k tfaenAexactiMiof tito«^i»al«oid;bat aa soon aa theraetam 

] li ttHiniad to a certain point by fMas, Ite a erweos action ehangu. 

f^Wa rritat ian ihim pmitamA upon tba anooos membrane of the 
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forth an impiilse through its eensitive nerve-fibrea to 
the spinal cord, which reflexes an impulse of relaxation to the 
sphincter; while, simultaneously, the levator ani draws the borders 
of the relaxed orifice upward and outward, and the feces are ex- 
pelled by the contraction of the muscular fibres of the rectum it- 
self. Resistance to evacuation by the sphincter may he voluntarily 
prolonged; but in time the reflex impulse to evacuate becomes 
BO urgent and irresistible Ihat it cannot be controlled by the will, 
and the discharge occurs involuntarily, simply by reSex action of 
the spinal cord. If the lower portion of the cord be disorganized 
by lesion or paralysis. It then loses its power to reflex, and the 
sphincter a n i becomes permanently relaxed, and the feces are 
evacuated as fast as they descend into the rectum, without the 
knowledge or control of the patient. 

The supply of blood to the spinal cord is derived from the verte- 
bral arteries, and from branches of the intercostal, lumbar, and 
Facral arteries. At the parts where the greatest number of nerve- 
fibrea emanate, the spine is enlaTged. Three enlargements espe- 
cially deserve notice— the cervical, dorsal, and lumbar. The cer- 
vical is the principal source of nerves for thoracic organs and re- ' 
spiratory muscles; the dorsal is the source of nerves for the upper 
extremities, and partly for the thoracic and abdominal organs and 
muscles; while the lumbar enlargement is the principal source of 
nerves for the pelvic organs and the lower extremities. The spinal 
gray matter contains also centres independent of the brain in their 
TeBex functions, viz.: 1. A eilio-spinal reflex centre, situated be- 
tween the sixth cervical and third dorsal vertehrie; being the nor- 
mal dilating centre of the iris — i. s., for dilatation of the pupil. 2. 
A genito-apinal reflex centre, situated about the middle lumbar re- 
gion of the cord, refiexing impulses to the generative organs; injury 
to this centre is followed by loss of virile power. 3. In the same 
region is the reflex centre for parturition pains in the female. 4. In 
the upper lumbar region are the ano-spinal and reeico-Kpinnl centres, 
refiexing motor impulses to the sphincter ani and the sphinter 
vesics. Loss of reflex at these two centres causes involuntary 
evacuation of the rectum and complete paralysis of the bladder, 
the urine constantly e^aping in dribblets, though the bladder 
may remain partially filled. 

Section of the cord between the third and fourth cervical ver- 
tebrae paralyzes the phrenic nerve and arrests the action of the dia- 
phragm; section between the fifth and seventh paralyzes the 
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pmt«rior thoracic nerve and thoracic muscles; section fma thft 
firet to the ninth dorsal paralyzes the intercostal rauncles: section 
from the seventh to the twelfth doreal, the ahdominal miiscleB. 

The epinal cord has principally a tkire-fold fiinetton: 1. It eervea 
as A medium for conducting impulses through nerve-fibres from the 
hrain to the peripheral organs, and tiff rrraa. 2. In the normal 
condition many spinal centres are subservient to centres 
brain, so that the cord reflexes may be inhibited or restraint 
more or less, especially over movements by spinal-reflex on pal 
that can be moved by the will. 3. In case the reflex action of tbo 
cord be on a portion of the body which is invariably involuntary, 
then such action cannot be inhibited by the will. This is illustrated 
by the cilio-spinal centre, acting on the iris, dilating the pupil; by 
the parturition centre, auliug on the uterns during labor pain». If 
the spine be separated from the brain, gome centres in the cord 
are slill capable of action, such as those which by reflex eff( 
the closure and dilatation of the .sphincter muscles, and musculi 
contraction, showing a power of reflex action by the cord indepeni 
ent of the brain. 

The Urinary Bladder is both a reservoir and an oi^n 
evacuation. It is prolecled at the commencement of the Orel! 
by H circtilar bundle of muscular tibres, known as the tphtneUr 
rtmrx, and is supplied by nerve-fibres from the hypogastric and 
eacral plexuses, Thos>e from the hypogastric are distributed to tho 
upper part of the necK of the bladder; those from the sacral, to 
lower part. The tonic cnntrnclion of the vesical sphincter dnrii 
health is continuous and involuntary, like that of the spfaincl 
ani. When micturition occurs the sphincter vesicx relaxes, while 
the muscular coal of the bladder contracts to expel its contents. A 
relaxation of this sphincter may also take place by voluntary im- 
pulse, acting on the spinal reSex centre of micturition; but thesub- 
eeqaent contraction of the bladder continues without voluntary ef- 
fort. Lesion of the hypogastric plexus may paraiyw the upper ])art 
of the neck and bladder; lesion of the sacral plexus may paralyi 
the lower part. The principal redex tmpul?ie for contraction of 
bladder «nanates from the spinal ctird through the sacral neri 
In inflamoiatiMi of the Madder, or nei^U^ring partes its senaitii 
n«ss is increased, aitd the tvSex impulM^ to urinate canoot bo 
nsled. Increased acidity of the urin« produces a similar 
Paraly«i8 of th« bladder causes its permanent diffteneioa, foUoi 
by a contiaaous, passive, but incomplete:, *liseharge. 
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Normally, the reflex actions of the spinal cord are chiefly oF an 
expalsive kind — to force out the contents of the various cavities, 
Buch as defecation and urination, ejaculatio Beminis, and parturi- 
tion, over some of which the will has very little or no control. 

The decussation, or crossing, of both motor and sensory nerve- 
fibre tracts is at the medulla oblongata. A lesion in a certain por- 
tion in a lateral half of the brain above the medulla oblongata 
causes paralysis on the opposite side of the body; but if the lesion 
is below the medulla oblongata on the lateral half of the spinal cord, 
then the paralysis is on the same side of the body. Paralysis of 
one-half of the body is termed hemiplegia. A lesion iavolving the 
middle or upper entire portion of the cord transversely, induces a 
paralysis called paraplegia, or palsy transversely; t. e., paralyzing 
legs and thighs and lower part of body, including the bladder and 
rectum. The communication between them and the brain being ar- 
rested, sensation is no longer experienced in said parts, nor can the 
will produce contraction of muscles below the lesion. The seat of 
lesion in any part of the spinal cord is determined by the line at 
which paralysis of sensation, motion, or both, manifest themselves 
in the external parts — if in the lumbar portion, then the legs and 
pelvic region are paralyzed; if in the dorsal, all below the thorax 
and abdomen; and if in the middle cervical region, then both the 
upper and lower extremities, chest, and intercostal muscle.'}. A 
lesion, injury, or disease, though very slight, if just above the middle 
cervical part of the cord, is a dangerous aSair, because it cuts off 
the reflex motor impulses to the respiratory muscles, producing 
«leath by stopping respiration. The phrenic nerve arises at the 
third, fourth, and fifth cervical, and supplies the diaphragm. 

The physiological effect of strychnine is directly upon the cord, 
producing rapid irritation, and augmenting its excitability for reflex 
action, so that the slightest external stimulus causes excessive mus- 
cular action and convulsive movements. A wound affecting periph- 
eral nerves may produce tetanic spasms or convulsive actions by 
reflex of the cord, and when the increased irritability of the cord ia 
once established, It is easily excited by an external cause, which 
may be so slight that a healthy person would not perceive it. Dur- 
ing such an affection, startling movements or sounds of any kind, 
or even a current of air upon the skin may, by reflex of the cord, 
throw the muscular system into severe spasmodic action. The spi- 
nal cord as a nervous centre is apparent in such convulsive diueases 
at hydrophobia and tetanus, over which the will has little influence, 
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In Hydrophobia, not only the gpinal cord, but the medulla ol 
longata and some of the cerebral ganglia, are involved. The efff 
ia brought about by blood-poisoning; but, strangely enough, th«' 
rest of the braia completely escapes ite influences. The stimulus 
most effective in hydrophobic convulsions is through either one or 
both of two senses — the sight or sound of water causing a paroxysm,, 
and any attempt to taste it increasing the severity. 

In Tetanus there is a similar excitable state of the spinal 
and medulla oblongata, but it does not involve the ganglia of an] 
of the five external senses, except that of touch. The cause of 
anus may be altogether internal, as in the idiopathic form — a con- 
dition resembling that which may be artificially induced by strycb- 
nine. It may also arise from traumatism, as a lacerated wound, 
the irritation of the peripheral injured nerve terminal being prop- 
agated to nervous centres, establishing the excitable condition; and, 
once established, the removal of the original cause by amputating 
the injured limb seldom does any more good, because the slightest 
impression upon almost any part of the body is sufficient to excltfl 
the tetanic spasm. 

Spilepsy, or convulsive movements with temporary suspensi 
of the functions of the cerebrum, generally results from internal or* 
ganic functional derangem;tnt, which, when established, causes also 
an excitable condition and disorder of the nervous centres. It may 
result from irritation proceeding from local causes, like the convol- 
sions of teething, and cease when the irritation is removed, 

Convulsions which end fatally usually act by suspending the 
Bpiratory movements, the muscles which effect respiration becoi 
fixed by the spasms, so that suffocation occurs as completely as ij 
the air passages were ligated. 

Hysteria is a peculiarly excitable state, in which every kind ofl 
convulsion may be simulated, although there is seldom present a snf* 
ficient indication of any positive disease. One form of convulsion 
after another often occurs at short intervals, and with wonderful 
variety. Hysteria may be likened to convulsions from local irrita- 
tion, such as hysteric spasms at the catamenial period, especially if 
menstrual flux be deficient. A diagnostic feature distinguishing 
hysteric from epileptic convulsions is that in the former the patiej 
does not bite the tongue, the centre at which the hypoglossal 
fibres originate seemiugly remaining unaffected. 

The membranes covering the brain and spinal cord are termi 
meningeB, and an inflammation thereof meningilU, which, if on 
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posterior portion of the cord, causes great pain; if on the anterior 
portion, however, convulsive movements without pain ensue. Usual- 
ly the morbid action extends to the anterior and posterior mem- 
branes and columns, thereby causing severe pain and disturbing 
motion. 




CHAPTER XVU. 



THE SYKPATHKTIC SYSTEM. 

L consists of ganglu 
»), «nd slender nerve-fibritla 
It is Bot mn entirelr independent system. Its ' 
e aot oaly eoamctod with each other, bnt &\m communi- 
e with tbe ooeiwo-eiKiMl systetn bj ucTre-gbriUtE. Along each 
led ths afiUAl colnmn Ibe gsnglU lie in tbe form of a cbain-Uke 
unntinttitiffff, though in other puts of the bodr thej are scattered 
ittcgaUrir. A GsnfUon ta a dinrretc encapsulated portion of 
gny matter in the cooree of, utd ccnnected with, nerve-fibres, as 
' the Gwwrwu gui^ioQ of tbe fifth nerre, or the Otic (Arnold's} 
ftn^Soa b«low the forunen ovsle. Each ganglion contains nervous 
' «Mttic-ccIl« with multipolar ptooeeeee (C, Fig.. 30). The nerve- 
fihrillw issuing therefrom freelj intercommunicate with each other 
and with the chief ganglia, and are of two kinds — medallaled 
aud non-m«dullaied. The medullated are derived from the cerebro- 
•pinal ^-stem, and pass throQ^ the STmpalhetic ganglia, supply- 
ing the vascular and eecieling oi^ans. The non-medullaled fibres 
arc destitute of tbe white substance of Schwann. They consist of 
a fT»y. p^latinous sabc'tancc;, and originate In tbe ttympatbetic 
^»)llia. Through these fibres, sensory or motor, the sympathetic 
im)ui)Mt3 arc transmitted, thereby establishing that sympathy, 
firMler or Iws, exiting betw¥«i all organs of the body. Its nerve- 
Ahrilln) ai\' distributed to the w»lls of the blood and lymphatic 
vweels, interlacing th<?ni a^ ivy entwines the tree. They accon)pany 
these r««!>eU throughout their ramifications and to their utmoet 
tarniinationa. They are also distributed to the organs of the bead, 
nei'k, trunk, and extremities. 

The inorv delioale nervous centres of the brain and spinal cord 
nn wonderfnlly protected from over-irritation. This protection 
|l«s in the mvxlifying yto-wtr of the sympathetic ganglia placed on 
ltt» iraet ot sensory nerve-fibres of each spinal nerve {1,1, Fig. 41). ' 
The *pnm>ry fibrw lo the cerebral convolutions pass through the 1 
0|»Uo Ihalauua (0, Fig. 28). 
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The sympathetic nervous system is most largely distributed with- 
in the chest and alxiomen, connecting the organs of nutrition, such 
u the secretory, digeetory, absorbent, and the circulatory appara- 
Fig. 41. 




Diagram of the sympathetic system. 
1, GangHa on eensory nerve-roots of right side of spinal column. 2, Gas- 
aerian ganglion. 3, Otic ganglion, 4, Ophthalmic ganglion. S, Gphe no- 
paUlSne ganglion. 0, SubmaxitlaTj ganglion, 7, Ceep cardiac pleiua. 
8, Superficial cardiac plexua. 9, Semilunar-ganglion plexus. 10, Renal 
ptexoA. 11, Aortic plexiia, 12, Epigaalric or Solar plexus. 13, Spermatic 
plexus. 14, Hypogastric plexus. 

toses. It also presides over the functions of the internal organs. Be- 
sides its many ganglia of varying sizes, it forms more than fifty 
nervous plexuses, such as the aortic, cardiac, cervical, epigastric, 
11 
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hepatic, hypogattrie, lumbar, puimonary, rencU, saeral, lolar, tptr- 
malic, and many others. 

The perietaltic action of the oesophagus, stomach, and inteslinea 
ia by reflex, through the motor fibres, from the nervoas centres in 
the medulla oblongata. The vaso-motor centres of the medulla 
reflex impulses for dilatation and contraction to the vascular sys- 
tem, in a similar manner. These nerve-fibres pass out through the 
Bpinal foramina with the spinal nerves (Fig. 41), but soon leave 
them to enter sympathetic ganglia (19, Fig. 40). This accounts for 
the harmonious co-ordination of functions of the medulla oblongata 
with those of the sympathetic system and of the organs of the body. 

The peculiarity of the sympathetic nervous system is the small 
diameter of its nerve-fibres and the difference in function from 
that of the cerebro-apinal aystem. The latter system manifest.^ its 
most striking properties in sensation and motion; while the former 
preponderates in regulating the proper performance of the func- 
tions of co-ordination of the organs of digestion, absorption, assim- 
ilation, circulation, and growth. The nerve-fibres of the sympa- 
thetic are also distributed to internal organs, glands, mucous mem- 
branes and their internal muscular fibres, such as are not controlled 
by the will. 

Physiologically, the sympathetic nervous centres, or ganglia, are 
endowed with sensitiveness and the power of conducting, reflecting, 
augmenting, and inhibiting impulses. The ganglia of the sympa- 
thetic system are sensitive to impressions, and are capable of per- 
ceiving irritations, which may even give rise to acute pain. The 
reflex action, which causes the pupil of the eye to contract or ex- 
pand owing to variation of light, is propagated through the oph- 
thalmic ganglion; therefore, the iris acting somewhat sluggishly, 
indicates the intervention of the sympathetic system, which in all 
instances requires more continued stimulation and is less rapid in 
activity, but of longer duration, than those of the cerebro-spinal 
system. 
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CHAPTER XVni. 



THE SENSES. 



A Sense is the capacity or power of the animal for a pariinilar 
apecieB of what are termed sematloita. The special porlioaB of the 
organism endowed with the simple power of reacting to appropriate 
stimuli BO as to produce these particular groups of sensations, are 
called S ens e- organ B. Sense, therefore, is an organic faculty, or 
one that pertains not to the living vital principle (soui*) ahme, 
but to the composite, or that which is made up of soul and matter 
conjoined. As sensation is the proper operation of the animal inas- 
much as it ia animal, and as the animal is not soul alone, but 
a compound of body and soul, so the faculty of sense pertains to 
the composite, and is an organic faculty. Seosation is in itself sim- 
ple, for there is no one who does not see that a sensation, considered 
as euch, cannot be divided. We have aaid "as euch"; tor, although 
the animal under certain circumstances may have only a portion 
of the sensibility it once enjoyed, on account of the material organ, 
yet that which it now has considered as sensation cannot be divided. 
In the sensation itseU, however, we can distinguish the formal ele- 
ment from the material fne: viz., the vital representation and the 
nerve vibrations, which latter element is extended and divisible. 
Sensation, therefore, is in itself simple, unextended, and indivisible, 
bat, considered in reference to the organ and nerve vibralions, 
extended and divisible. 

Bight, Hearing, Smell, Taete, and Touch constitute the 
five external senses, by and through which the perfect animal beTOines 
cognizant of external objects, of their physical appearance, qual- 
ities, quantity, etc., while at the same time it is endowed with four 
inUrnal senses — the common sense, imagination, eslimative fncvliy or 
instinct, and sensitive memory. As to the existence and reality of 
the five external senses, no one can reasonably call them in ques- 
tion; but as to the four internal, equally undeniable though they 
be, yet unaccustomed as we are to hear them even mentioned, or 
if we do, to hear them spoken of in reference to man alone, and 
then often either considered as powers beloogiog only to the mind, 
• See Note, page 129. 



e of UMn, foeb as flte aenritivc m c u w j and the oom- 

B aeiM^ oanimnded with the iaorgtmc £MMiltie8 of intellectual 

f tbe nninstaiMliiig, it will not be oat of place h«re to lay 

It a lew clear notioas on thia poinL We will take each of the 

ses in onler, give an idea of ita natore, and tbe proof of 

B existcDce, together with Deoesewy remarks: 

L Tbe Common Seaae. — Svtrj one has experienoed that be 
not only perceirea external objects pfoper of each of the external 
MSMS, bat also feels tbe very seoaatioDa themselvee as they are pet- 
lected in the external organs, and between them to discriminate one 
fr(«n the other. In other words, he not only perceJTes, or "sensea" 
exterior objecta by tbe external eense^, but abo feels the tery acti 
by which tbey are peicciTed or "sensed,'' and distingcisfaes between 
them. Now, this cannot be dose by tbe external eenEee, as these 
perceiTe only those objects proper of them. There is need, then, of 
some facnlly pertaining to and not above tbe order of eeosibility, 
which perceivee these external eensationa and di^riminates be- 
tween them. Thos, for instance, we distinguish a white thing from 
a sweet thing, and the sensation of whiteness from the sensation of 
sweetnea?; bot as the sense of sight and the sense of taste (which are 
the senses here concerned) know only their own proper objects, it 
follows that there most be some other sense which perceives and 
distingaishes between them. If it be said that the intellect does 
this, it is answered that the same thing happens in the brute ani- 
mal, which has no intellecL Is it not according to experience that 
a dog or a horse, for instance, raises its ears to hear better, thus 
showing that it /rWs the very external sensation itself? Are not 
animals sometimes so affected by music as to give full evidence of 
it by cries and other signs? Again, who can deny that tlie brute 
animal /M« that it sees, /f^I« that it tastes,/ff ^ that it gmells? Now, 
the eye cannot distinguish between color and taste, the tongue can- 
not distinguish between taste and smell. The same likewise dis- 
tinguishes between the objects of the different senses. Thus, a dog 
seeing an object at a distance which appears to its sight as a piece 
of meat (a painting), on approaching and smelling the same quick- 
ly rejects it. There must then be an or^atiie faculty which receives, 
feels, and distinguishes all these impressions with the objects (stim- 
uli) that excite them, and this faculty is called the common eenae, or 
by some the inltmai ifnse. That tbe animal has not understanding, , 
and therefore no intellect, is admitted by every one of real phJIo- 
flophio acumen. Tlie dwmmtnottoii, be it remarked, which is spok- J 
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en ol above, must not be confounded with judgment properly bo 
caUed, for it is nothing more than a. true though sensible apprrcia- 
lioti of external eeneatioiiB by means of the common Eiense. This 
operation of the common eenee, in reference to external sensatione, 
is sometimes called conscience, the proper meaning of which we 
will speak of in its pro|>er place. 

Having shown that the brute animal as well as man poBBesses 
the internal or common eense, and supposing here that in the hrnle 
animal there is no faculty that goes beyond the purely organic, it 
clearly follows that this common sense must be a faculty operating 
through an organ, laying aside all controversy as to this organ's 
location, and contenting ourselves with having shown the necessity 
of it* esietence. In like manner it clearly follows that, if in the 
sequel it can be shown that the perfect animal possesses the other 
three internal faculties above mentioned, namely the imaffination, 
Ike estimative faculty, and scTtsitire memory, we have at the same 
lime shown the existence of three other internal organs. 

Before coming to the imagination, which is the second internal 
faculty in the order of nature, we will add something on external 
■nd inUrnai sensation, and on conscience, for the better understand- 
ing of what has been already said. We have epoken of external 
BenealioMi, which implies that there are also internal sensations. 
If sensation is defined, as it truly is, a vital organic representation, it 
is very evident from the very definition of sensation that, since there 
is at least one internal sense, as we have just now shown, and that 
this sense requires an organ, there must be infernal as well as exter- 
nal organs quite distinct among themselves, and a dependency of 
the former on the latter. This dependency and connection is 
proved both by experience and by the very object of the internal 
sense as stated above. There is a great mistake made by some in 
supposing that external sensation— for instance, that of sight — is 
produced in the brain. This error arises from the circumstance of 
finding in the case of the eye (and what is said of the eye is equal* 
!y true of the other external senses) a sensory nervous centre in 
the brain, with which the optic organ is connected- Now, the case 
is far otherwise, for it is according to experience that we see with 
the eye, hear with the ear, etc., and not with the brain. Sensation, 
therefore, if experience is to stand, lakes place in the organs them- 
selves. A pain in the tool is really there, and not in the brain. Be- 
sides, if the sensation of bearing, for instance, is in the brain, why 
IB the ear so wonderfully formed, since a simple system of nerves 
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would suffice for transmitting the impreaaiou made by the sound- 1 
ing body to the brain. The same can be said of the other sense- | 
organs. This opinion, holding sensation to be produced in the ] 
brain, comes often from the false supposition that the soul (vital 
principle) does not reside in the whole body but in the brain only. 
How erroneous such an opinion is, will be rendered clear if we 
keep in mind that the soul is the principle of life and must be pres- 
ent by its essence wherever there is life and vital power. Now, 
there is certainly life and vital power, not only in the whole body, 
but in each single part of it. Therefore, the soul must be present by , 
essence, not only to the whole body, but to each single part of 
it. If it be objected that, having destroyed commumoation be- 
tween the external organ and the brain, sensation is destroyed, ' 
and consequently that sensation Is produced in the brain, the 
objection may be answered thus: 1. That, having destroyed the , 
organ, sensation also is destroyed, and therefore, sensation ia 
produced in the organ. 2. The necessity of nervous centres in 
the brain is not denied, for it is according to the most common 
physiological experience that, separated from these centres, the 
organs are inadequate to the production of eenaations. That ' 
exterior sensations, however, are produced in the brain is denied. , 
As the common sense is a faculty which is concerned with what j 
is popularly termed consciousness, it ia proper to state in thia , 
place what is strictly meant by the consciousness of a sensation, 
which even the brut« animal possesses in common with man. 
Consciousness, psyclMlogirally considered, is properly and strictly 
defined as that power of the rational soul i,/ returning com- 
pletely upon itself, by which the intellect not only perceives the 
acts of the other faculties but its own acts also, and recog- 
nizes itself as the subject of them. Now, the reason why the 
rational soul alone, which is of man, has such a capability, 
is because of the inorganic nature of that act, which is in 
itself independent of matter and performed without the in- ! 
Btrumentality of any organ- Hence to a principle, which ] 
although simple in itself is yet essentially dependent on mat- 
ter and cannot act but conjointly with an extended organ as ia 
the brut* soul, this complete return on itself cannot take place on 
account of that matter to which it is united being extended and its 
parts consequently existing one out of the other. This t«rm con- I 
aciouaness is properly and strictly applied only to certain intellect- I 
ual acts of the rational soul, and does not pertain to the order of 1 
fienaibility. As, however, there is no other English word so welt I 
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t to convey the meaning of that operation by which the 
a sense takes cognizance of, and appreciates external sensa- 
tt we can by giving notice of the fact so as to preclude all mie- 
apprehension, apply the term to this act also. 

II. The Imagination is the faculty of representing corporeal 
things that are abi-ent. This is to be understood in the sense, that 
the operation of this faculty does not represent its object inasmuch 
as it is really present, and not in the sense that it does not operate 
except in the absence of the object; tor in every impression of a sen- 
sible exterior object on our senses, as, tor instance, an object of 
sight, both the act of vision of that object, and the act of the im- 
agination of the same object, are brought into play at one and the 
same time. To prove this fully would detain ub much too long, 
and involve much metaphysical reasoning. Suffice it to aay, that 
the acts of the intellect while the human soul is united with the 
body, are always accompanied by an act of the imagination^a thing 
which is confirmed by experience. The imagination is a faculty 
not only for representing objects of the sight that are absent, hut 
also for representing objects of the other external senses also in 
their absence. This is true, likewise, in regard to the objects of the 
comiflon sense which it also reproduces in their absence. Thus, after 
having seen a beautiful picture, we can in the quiet of our room 
conjure up its representation. Having listened to some delightful 
music, we can in like manner enjoy it again in its absence. Dreams 
also take their rise and are seated in this faculty of imagination, 
which, when we are asleep, brings before ua a representation of 
things that may be long since past. Now, no one can deny this 
power to man; and yet the brute animal, too, has this same power, 
but not in so high or excellent a degree as man, on account of the 
union and connection of this faculty with man's intellect. To show 
that animals possess this faculty of imagination, does not the cat, 
for instance, on hearing the sound of mice go in search of them, 
their phantasm in him being awakened by the sound it now hears? 
Again, do not dogs, cows, and horses give evident signs that they 
sometimes dream? 

This faculty, according to what we have laid down above, is 
organic; and consequently, its organ, since It is not found among 
the external, must be found among the internal organs. 

III. The EstimatiTe Faculty is a sense endowed with the pow- 
er of estimating or valuing objects as good or hurtful for appetite, 
or of apprehending an object as fit or unfit for the needs of animal 
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lite. This is the power often called instinct. Thna the chicken 
flees from the hawk, and the ehesp from the wolf; not becauae the 
hawk or wolf haa anything repulsive in outward appearance, 
since they do not flee from much more repulsive-looking animalB. 
It cannot, moreover, be owing to anything the chicken or the sheep 
has learned by experience, for even the young chiuken and the 
lamb, although they never saw either hawk or wolf, will flee from 
them at first sight; the chicken from the hawk, and the lamh from 
the wolf. Again, the dog goes in search of grass in time of sickness, 
having the instinct of its fitness for nature at that particular time. 
This power ie organic from what has been said above, and its organ 
is internal. The same power is found also in man, which, however, 
on account of its higher grade in him is called cogitative power. 

IV. The Sensitive Memory is a faculty of the perfect ani- 
mal for retaining thoee things apprehended by the sensitive fac^ty. 
Thus, a horse remembers the stable on account of the food which it 
receives there, and the dog the stick with which it was struck, on 
account of the pain. This goes to show that this memory is of 
things apprehended as agreeable or unpleasant, useful or hurtful to 
nature, and therefore of things as we have said, apprehended by the 
eslimutive faculty. This faculty is found in man; but on account of 
its conjunction with the intellective soul is called reminiscence. It. 
must be organic from what has been said, and its organ internal. 

Having given, as we think, a sufficiently clear account of the in- 
ternal senses as we proposed to do, we come now to an explanation 
of the terms used in defining sensation, to the elements of sensation 
and the different sciences under which each of these elements fall. 
Sensation, as we defined it above, namely, in the proper philo- 
sophical sense, is vital, ortjanir representation. It is vital, in contra- 
distinction to representations merely physical, which, for instance, 
happen in the impression of the image of an object on the retina of 
the eye; for whether the animal be dead or alive, this image is 
equally impressed. It is organic, in contradistinction to those rep- 
resentations produced without the intmmentality of organs, such 
as the intellectual or mental ones. Sensation, therefore, comprehends 
in its essence three distinct elements: the object, the organ, and the 
vital principle. On the part of the object, an immediate action on 
the faculty through the organ, by the physical outward world in 
the case of external, and a mediate one in the case of internal sen- 
sations, is required; the investigation of the nature of which 
atitutes the object of physics and metaphysics. The investigation of 



I 



THE SENSES. 



169 



the material character ot the process withio the organism, which 
goes hefore, accompaniee, and follows Ihe vital representation, or as 
they now say of the function of the organ of Feneation, makes up 
the Babject-matter of pkyginlogy; while the investigation of the sen- 
sitive faculty and operation itself belongs to peychology. With the 
first of these we have nothing to do here, and therefore relegate it 
to its proper domain. The third element we leave to the psycholo- 
gist, and reserve the second for oureelves, in so far as external sen- 
sation alone is concerned. 

A nervous apparatus is simply a nerve-fibre which connects 
two ceils. Consequently, for effecting the merely material action 
within the organism three structure? are necessary: a ■peripheral- 
end organ, a tensovy nerve-fibre, aod & nervaux eentre-eetl. The pe- 
ripheral end organ receives stimuli, which, acting on the sensitive 
faculty through Us organ, connected by the sensory nerve-fibre with 
the center-cell in the cerebrum, produce the vital external represent- 
ation (sensation). The different senses, as said before, require spec- 
ial nerve centres of sensory areas in the cerebrum though these are 
not the very organs of exterior sensations as we have before shown. 
Thus sight requires a centre in the occipital lobe; hearing, one in 
the temporo-sphenoidat gyrus; smell, one in the lower portion of 
the temporal lobe; taste, one near that of smell; touch, one in 
areas of the limbic lohe, t. c, convolutions surrounding the corpus 
callosum such as the gyrus fornicatus, and gyri hippocampi. 

Increased capillary circulation of the brain may cause illusions 
of sensation, such as of seeing, smelling, or hearing objects not pres- 
ent, et«. Impressions on some of the sense-organs remain for a 
time, even after the cause is removed. The organs, after continued 
impressions, become accustomed to them unless the impression be 
increased, diminished, or locally changed. (See Olfactory, and 
Gloeso-pharyngeal Nerves.) The normal stimulus on a sense-urgan 
has its limit: if too weak there is no action; if too strong, pain. 

For the sensation of touch, see tactile corpuscles and Paciaian 
bodiee; for taste, the terminal bulb, and glosso-pharyngeal nerve; 
for emell, the olfactory nerve; for sight, the eye; for hearing, the ear. 
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CRANIAL NERVES. 



The Cranial Nervea, coQBisting of twelve pairs, are a part of 
the oerebro-Bpinal system, all having their origin in the gray sub- 
Bianco of the brain, though the spinal accessory partly arises at the 
spinal cord. These nerves are usually enumerated, beginning at the 
anterior part of the craniutn to the posterior (Fig. 29), in ths 
following order: 

J^ ret— Olfactory. 
Second — Optic. 

Third — Oculomotorioa (Motor oculi). 
Fourth — ^Trochlearia. 
Fifth — Trigeminus. 
Sixih — Abducens. 
Sevftith — Facial (Fortio dura). 
Kighlh — Auditory (Portio mollis). 
Ninth — GloBso-pharyngeaL 
Tf»th — Pncuniogaslric. 
Kttrtnth — Spinal accessory. 
Tictlj'lh — Hypoglossal. 
The cranial ner\tis may be classified as sensory, motor, and 
luisetl. 

The Sensory are the olfactory, optic, lingual or gustatory 
brnnt'h of tht> iri)!vminus, auditory, and a part also of the glosso- 
phnryii(niit, 

TUc Motor niv the nculomotorins (motor oculi), trochleaiis, 
«Muoitn», fnciitl, and hypoglois«al. 

Tiw IClxad (M>nt>l^^y and motor) are the trigeminus, gloeso- 
ph«ivnjlT>Hl, iMifuim^jrAstric. aud spinal a«»ssory. 

In lh<> moliilla obKMigala and pons Varolii, the nervous centre- 
ooll* (living origin to UHitor fibres are situated anteriorly, and on 
tht> nwHait line; «r)iil» the c«lU of the sensory fibres are located 
hirthfir ittwanl and ix^«t«riorlT, similar to the centre-cells of the 
niolor Mitd M'iiM>Tr tibrM of tb« «pinal cord, situated anteriorly and 
riorly, rwpwtiwly. 
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FIRST PAIR OF CRANIAL NERVES THE OLFACTORY. 

The Olfactory Nerve carries material impulses for the sense 
>{ emell. It originates in three roots; the external, middle, and 



Fig. 42. 




internal. The external 
root arises from cells of a 
nucleus of gray matter in 
the temporo-sphenoidai 
lobe in front of the pea 
hippocampi. The middle 
root arises from the cor- 
pus striatum, and from a 
papilla of gray matt«r 
termed carwnciiia mam- 
milaris. The internal root 
arises from the nyruB for- 
■nicalus in the anterior 
lobe. The fibres of the ol- 

T\. ,..,,, factory nerve form a tract 

diagram oi the olfactory nerve. . ■ . , 

^ which enters a lump of 

A, Cerebrum. B, Cerebellum. ... j ,i > 

] . Inlemal root of olfactory nerx-e. 2, Ex- f^^ '"^"^■" ^^^"^ '''« "'- 
lemal root. 3. Middle root. 4, Corpus Btri- /"'^'on/ ""'f*. restmg on the 
ftlum. 8, Pons Varolii. 9, Medulla oblong- cribriform plate of the eth- 
aw. 10, Olfaciory bulb. 11, Cribriform plate moid bone. From the ol- 
oi ihe ethmoid bone. 12, Sclioeideriaa mem. factory bulb issue about 
fifteen fi.laments, passing 
through as many foramina ( 11 ) in the cribriform plate of said 
Itone, and terminate in the olfactory or Schneiderian membrane, 
which is distributed through the mucous membrane of the nose. 
The originating centres of the olfactory nerve-fibres of both hem- 
ispheres are in communication with each other by nerve-iibrillffi. 

The olfactory nerve differs from other nerves in containing soft 
ind pulpy gray matter, its fibre? being n on -medulla ted. The size 
of the olfactory bulb enhances the function of smell; being com- 
paratively large in dogs, eats, and bees, whose sense of smell is 
e acute. Humboldt states that the Peruvian Indians are able, 
in the darkness of night, to distinguish by smell whether an ap- 
proaching stranger be a European, an American Indian, or a Negro. 
Congenital absence or disease of the olfactory bulb impairs the 
ability and capacity to distinguish odors. A necessary condition 
for smell is that the mucous membrane of the nose be moist, and 
that the odorous varticles be in the form of gases or fine powder, 
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and the air kept in motion by inhalation and exhalation to excite 
the nerve terminals. When said membrane is dry the sense of 
smell is either impaired or lost. Thny, in the first stage of catarrh 
there ia little or no secretion of moisture (mucus) in the nostrils. 
Interruption of respiration prevents smell, while rapid iuspirationsj 
and dilation of the nostrils increase and intensify it. The atim- 
ulus must come in contact with the Schneiderian membrane by in- 
halation. It a fluid or solid substance be applied directly to ibis 
membrane, the odor of such a. substance is very slighlly or not at 
all perceptible. The olfactory organs become accustomed to odors, 
and consequently it requires variation of external stimulus to pr< 
duce impressions. The nasal membrane, through nasal branchee' 
of the first and second division of the fifth cranial nerve, is sensi- 
tive to cold, heat, itching, tickling, and pain. That these nerves 
cannot perform the function of the olfactory is proven by the fact 
that when smell is lost the membrane of the nose still remains sen- 
sitive to the above-mentioned sensations, all of which, however, are 
but modifications of the one sense of touch. The sense of smell va- 
ries in different individuals; odors pleasant to some being offensive 
to others. Even illusions may occasionally occur when an odor ia 
merely imagined, but not real. The centre of smell of the externals 
root (2) and that of taste are placed near together at the bottont? 
of the fissure of Sylvius. 

SECOND PAIK OF CRANIAL NERVES — THE OPTIC. 

The Optic Nerve (one from each cerebral hemisphere) origin- 

at«s principally in the anterior portion of the corpora quadrigem- 
ina, with a few fibres from the posterior part of the optic thala- 
mus and corpora geniculata {Fig. 43). The fibres pass inwardl' 
forward from one side of the cerebrum towards the other, forminj 
the two optic tracia, which meet upon the median line, wh-re th( 
cross each other (decussate), forming the optic commissurf, or cAi-j 
a»ma (2, Fig. 29). They then diverge, forming the optic n«rv« 
proper, which leave the cranium through the optic foramina and 
ter the orbits. At the posterior aspect of the eyeball, the nerve, pierc- 
ing the sclerotic and choroid coats, terminates in a nervous expansion 
called the retina. At the decussation, each optic nerve incorporates 
with its own fibres a few from the origin of the opposite hemisphere; 
and each nerve is, consequently, in communication with both hemi- 
spheres. The optic nerve is remarkable in this, that it 
a longer course within than without the cranium, a 
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no branch from the origin (decuseation) to the termination. Its 
sarrounding neurilemma is derived from the dura mater. The de- 
cussation of the nerves facilitates the harmonious cintrol of the 
two eyes, so that the light- ,.. 

rays on the retina of a 
single object transmit an 
impulse through the optic 
nerve of each eye to the 
cerebral centre of sight. 

Physiologically, the optic 
nerve carries the impulse 
of stimulus for the comple- 
tion of the sense of siffht. 
We have said completion, 
einoe it requires three or- 
gans — the eye, the nerve, 
and the nervous centre. 
Sormally, the rods and 
cones of the retina receive 
the stimulus of vibrations 
of light-ether. The impres- 
sion thus produced by the 
luminous rays upon the 

retina causes the sensation **"•"" 
BBtion 




Diagram of the Optic Nerve. 
A, Middle lobe of the cerebrum, B.Cere- 
C, Optic nerve. D, Conacious sen- 
, . , ^ , ,, , BBdoa centre, or cerebral area o£ Higlit, in 

of sight as long as the ret- ^j,^ j^^erior cerebral lobe. 

:» »„J „!,i. .u_ ^ ^^^^^^ Btriamm. 2, Optic thalamus, 

4, Corpora genic- 
, Pons 'Varolii. 



t connected with the 
nervous centre by the optic 3, Corpora quadrigemiu 
nerve. Section of the optic "lata. 5, Crus cerebri. 
nerve is not painful, but 7, Medulla oblongata. 
produces blindness immediately in the eye affected, since impres- 
sions received by the retina are no longer transmitted to the cere- 
bral centres. The partial blindness of both eyes is sometimes ob- 
served in hemiplegia, in which probably the transmission of light 
becomes defective through both the crossed and direct fibres of the 
optic tracts. A stimulus applied to one eye may cause contraction 
of the pupils of both eyes, because sensitive impressions on the 
retina, conveyed only by one optic nerve to the nervous centre of 
sight in the cerebrum, are transformed into motor impulse.'!, and 
by re6ex from the centre of sight sent to the iris simultaneously 
through both of the oculomotorius nerves. ( Vide Eye and Sight.) 
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THIBD PAIR OP CBANIAI, NERVES — THE OCULOMOTOR IC3. 

The OculomotoriuB, or Motor OcuU nerve, carries imp 
of voluntary motioo to the levator palpebrffi, to the superior, interJ 
Fig. ^4. nal, and inferior recti, am 

inferior oblique mnecles ot" 
the eye; t. e., it suppHi 
four out of the six muecli 
that move the eyebaU. H 
fibres originate from tl 
valve of Vietissens, eituatedi 
between the third and thsj 
fourth ventricles, and 
fibres are traceable to the 
corpora quadrigemina, cruB 
cerebri, and the floor of the 
fourth ventricle. The fibres 
aggregate and pass to the 
orbit through the sphenoid- 
al fissure, between the twO' 
Cw*bellum. C, Oculo- ^^^'^^ ^^ the external rec- 
tus muscle. The physiolog-i 
2, Optic thalnmus. ical properties of the ocul 
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■ motorius nerve are to i 



1 of the oculomotorius, op mo- 
tor oculi, nerve. 

A, Cerebrum, 
motorius nerve. 

1, Corpus 
3, Corpus quttdrigeminuB. 4, Crua cerebri, 

5, Pons Varolii, fj, Medulla oblongata. The i ■ r ■ ■ 

1- ^-.u J J . , 1 • ry exeluaively motor un- 

luie with end dots, Irom corpus qiiadrigem- ■' ■' 

inus to the medulla oblongata, indicatea the P^'^^^ to the upper eyeUd, 
intimate connection of these two centres and for the vertical, lateral, 
with each other, in regard to the function of and rotary movements of 
^'^ nerve. ^j^g eyeball, but contractile 

for the iris and ciliary muscles. In paralysis of this nerve there is 
drooping of the eyelid (ptosis), external strabismus, and dilatatioa ^ 
of the pupil. ( Vide Eye and Sight.) J 

FOURTH PAIR OP CRANIAL NERVES — THE TBOCBLEABD. ^ 

The Trochlearis, or PatheticuB (one from each hemisphere), is 

the smallest cranial nerve (Fig. 45). Its fibres originate at the lat- 
eral walla of the valve of V'ietissen:, also at the posterior part of 
the crus cerebri juBt beneath the corpora quadrigemina, and s 
fibrillsB from the upper anterior part of the fourth ventricle. Pasa 
ing then to the floor of the Sylvian aqueduct, and through i 
sphenoidal fissure into the orbit, it is distributed exclusively to t 
superior oblique muscle of the eyeball. It pOEseeses the phyBiolog-fl 
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ical property of transmitting the material impulses for involuntary 
motion to said muscle, act- Fig. 45. 

ing in harmony with the 
oculomotoriuB nerve to pre- 
serve the horizontal plane 
of the eyeball; but in co- 
ordinated movements, the 
trocbleariB carries the ma- 
terial impulses which are 
under the control of the 
will. Its paralysis inca- 
pacitates the rotation of the 
eyeball and double vision 
(diplopia) ensues. Le- 
sion at the origin of it9 
fibres at one hemisphere af- 
fects the eyeball on the op- 
posite Bide, since the great- 
er number of fibres of this 




nerve decussate near the ""'^ 
origin- 3, MediOlft 



Diagram of the trochlear nerve. 
A, Cerebrum. B, Cerebellum. C, Trctch- 



FIFTH PAIB OP CBANIAL NERVES — THE 1 

The fifth nerve (one from each hemisphere) is termed Trigem- 
inus (threffold). It originates from two roots of fibres: the first, 
a large posterior root (sensory) of about seventy to one hundred 
nerve filaments springing from a nucleus of cells on the floor of the 
fourth ventricle and on the posterior horn of gray matter of the 
Epinal cord, as far down only as the second vertebra, also from the 
lateral portion of the pons Varolii; the second, a small anterior 
root (motor) of about twenty nerve filaments, arising from a nu- 
cleus of cells at the lateral angle of the fourth ventricle and pyr- 
amidal body. 

The trigeminus nerve includes more nerve-fibres than any other 
cranial nerve, and passes to the Qasserian ganglion (semilu- 
nar) (D, Fig. 46), lodged in a depression near the apex of the pet- 
roQB portion of the temporal bone. Its fibres carry material im- 
pulses for three different functions: special sense (laate), common 
sensory — i. e., a function involving diverse external senses, and mo- 
tory. It is the great sensitive nerve of the skin of the head, face, 
aod noBal mucous membrane, also the motor nerve for the musclea 
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the foramen ovale in the sphenoid bone, supplying the teeth and 
gums of the lower jaw, integument of the temple and ear, lower 
part of the face and lower lip, the mustiles of mastication, and the 
tongue with a nerve for its special sense of taste. 

The three branches just described constitute principally one of 
the fifth pair of cranial nerves, their physiological property being 
principally to convei^ sensory impulses. The parts supplied by 
ihie nerve are the aeat of all neuralgic affections about the head and 
face. The lingual branch of the inferior maxillary is not only 
necessary to the sense of taste, but it also enables us to realize when 
food is uniformly reduced by mastication, and whether some is left 
about the mucous membrane or testh. With a tongue dry or coat- 
ed, as in febrile conditions, taste is marred, showing that it depends 
upon the special sensitiveness ol the papitl«e of the lingual nerve on 
the tongue, as well as upon its moisture — L e., on all the physiolog- 
ical conditions required for the integrity of the mucous membrane. 
Its muscular branch supplies the lemporal and masseter muscles 
which bring the teeth of the lower jaw most powerfully in contact 
with the upper. Section of this nerve paralyzes the muscles of 
mastication; but it paralyzed on one side only, mastication may 
continue by lateral motion of the jaw. 

The fifth nerve may also affect eight. Impressions of light 
are transmitted exclusively by the optic nerve, but the anterior 
part of the eyeball, iris, and cornea are connected by sensory fibril- 
lie with the ophthalmic ganglion. If the trigeminus nerve be di- 
vided or injured within the cranium, or the Gasserian ganglion, it 
causes a change of nutrition in the cornea by vascular congestion, 
ulceration, and destruction of the eye; indicating that the impulses 
influencing nutrition of the eyeball are not by its own proper 
nerve-fibres nf the trigeminus only, but also by additional fibrillffi 
carrying impulses from the Gasserian ganglion. The cerebral areas, 
or centres of taste and smell, are placed near together at the 
bottom of the fissure of Sylvius. 



SIXTH P.^lR OF CRANIA]^ NERVES — THE ABDUCENS. 

The Abducena Nerve (one from each hemisphere), originates 
by fibrillse from the lower posterior part of the pons Varolii and 
upper part of the anterior pyramid, or corpus pyramidale; also 
from the fasciculus teres on the floor of the fourth ventricle. It car- 
ries motor impulses to the external rectus muscle, effecting abduc- 
12 




Diaf^sm of the sbdoeem n 
A, Cerebrum. B. CerebeUnm. C. Ab- 

l,PoiuVar(diL S.MednlUoUMieata. 



tbMc of Ik* lifi-ytT oripn. 
TV Orb tben pMV Ihnm^ 
the eyfcgnoidal fisBK,iDna- 

I wtiich MppBeg tltt extenul 
BMc^ ol the eye. 

I Tte fi«n bcDding oner tbe 
pons may be cssIIt pressed 
opoR bj sar abiKiniuiity 
of the tmtoriam cerriwlli; 
beooe, both nerres are vaj 
liable to partial paralvES, 
csosiiig Btratnsmos (»)tiijDt- 
ing), or diplopia (doable- 
ei^t — i.e,, Beeiag a ein^ 
object as two), dquinting 
lOMj also be caused by par- 
tial opacity of the cornea, or 
by iniuries, shortness, or contraction of the external rectus miucle. 

SFVENTH PAIR OF CBASIAI, KCBVES — ^THE FACIAL. 

The Facial Nerve (poHio dura, WillLa), one from each hemi- 
sphere, origiuateB by fibres from the lateral tract of the medulla ob- 
longata, between the olivary and rcstiform bodies, and partly from 
the fasciculus teres on the floor of the fourth ventricle. It ] 
in company with the auditory nerve {8th) into and through thein*l 
ternal auditory meatus, where the facial continues through the p 
trous portion of the temporal bone, coming out at the stylo-mastoid 
foramen, and is distributed to the side of the face in & fan-ghapi 
manner. It communicates with the auditory, gloFso-pharyngeal^V 
and pneumogastric nerves; with the spheno-palatine (Meckel's), 
and otic ganglia; carotid and cervical plexuses; parotid gland, and 
terminals of the fifth nerve in the integument of the face. The 
chorda tyvipani nerve branches off from the facial nerve just b^fort ■ 
it makes its exit from the stylo-mastoid foramen; it then passes UM 
the lingual muscle. M 

The facial nerve carries motor impulses to the muscles of the 
face, to those of the external and middle ear, palate, and tongue. 
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Its impolBes on the muecleB of the face cbiinge the features in their 
various movements to correspond with the varying phases of mental 
or emotional activity. A lesion or pressure on this nerve paralyzes 
all the superficial muscles of the face, thereby causing loss of ex- 
pression on the paralyzed side. 

The nostrils in man are more or less rigid, and nearly inactive in, 
their ordinary condition. They expand when the air is forcibly 
inspired, to assist in the sense of smell, or whenever the breathing 
is hurried or laborious through increased muscular exertion, or by 
any accidental obstruction 
of the air-passages. In case, 
however, of facial paralysis, 
the nostrils become com- 
pressed by inspiration, while 
daring expiration they are 
forced outward. In this 
case their natural move- 
ments in respiration are re- 
versed. Such paralysis may 
be caused by disease of the 
facial nerve itself, disease at 
its origin in the brain, or by 
disease of the bony canal at 
the petrous portion of the 
temporal bone. If the lesion 
is located in the peripheral 
branches of the nerve, cer- 
tain facial muscles may be 
affected to the exclusion of 
others; for instance, the mus- 
cles about the lips may be paralyzed without any perceptible loss 
of motion in the parts above; but if located on the central trunk 
of the nerve, or if it involves the whole of its origin, then the con- 
sequences extend uniformly over one side of the face, forming a 
complete unilateral facial paralysis (Bell's). As the muscles on 
the paralyzed side are no longer antagonistic to those of the other, 
the face is drawn over to the healthy side, and may be accompa- 
nied by disturbances of mastication, deglutition, speaking, and taste. 
The secretion of saliva may also be interfered with. The orbicu- 
laris palpebrarum likewise becomes powerless, the eye remains 
open, the angle of the mouth is lower, and during mastication some 




1, Pons Varolii. 
3, Olivary Iwdy. 



2, Mc<lulla oblougata. 
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position of tho head and body; while any irritation to said canals 
disiurhe the equilibrium, more or less, of the head or body, or of 
both; also disturbing the proper direction. (Vide Semicircular 
Canals in chapter on Ear and Hearing.) 

NINTH PAIR CRANIAL NERVES THE GLOSSO-PHARYSGKAL. 

The OlosBO-pharyngeal Nerve, one from each hemiBphere, 
contains sensory and motor fibres, some of which arifie behind the 
olivary body of the medulla oblongata, carrying impulses for the 
senee of taste and for deglutition. Some fibres ariee from a nucleus 
of cells at the lower half j. ^ 

of the 8oor of the fourth 
ventricle, carrying the sen- 
sory impulses from the mu- 
cous membrane of the 
pharynx, fauces, and tonsils. 
After leaving the centres of 
origin, the fibres join and 
the nerve proper is formed, 
receiving its neurilemma 
from the dura mater, just 
when passing from the cra- 
nium in company with the 
pneumogaetric and spinal 
accessory nerves through the 
jugular foramen. At this 
foramen the nerve passes 
through the jugular gang- 
linn, and at the petrous por- 
tion of the temporal bone pharyngeal 
proceeds through the pet- '^^^e. 
rous, or Ar.dersh\ ganglion. ^' ^*'"'' ^'''"''"- ^' "^""* oblongata. 
It sends off one branch to the tongue, and another to the pharynx, 
tonsils, and soft palate. Its function is to transmit material impuls- 
es for two different, but associatfid, phenomena: l,the sense of taste; 
2, the impulses of reflex action for deglutition. The latter at first 
is voluntary; but as soon as food has passed the epiglottis, deglu- 
tition is performed involuntarily by reflex action, even during un- 
consciousness. The stimulus for deglutition is the food or liquid 
on the surface of the mucous membrane of the fauces and pharynx. 
The impulse is conveyed by the glosBo-pharyngeal nerve inward to 




Diagram of the glosso-pharyngeal 

nerve. 
A, Cerebrum. B, Cerebellum. CGloeeo- 
D, Area, or centre, of 



: fte medolls nUon^te, whicli bj nBtx ae&m tcw aub m motor in- 

pBloe, pueii^ with fibra of the poeumagastric to the phmrrnx. 

N&tiiral stJmnlantB, eoch u proper food or liqnid in eootact vith 

thomiieoDaniembnDeaf thephftTTDx, excite de^otitiao; while un- 

BsUml mbetAiwce, like a finder or a feather, produce Tumiting. 

MuMOOB or imt&tiiig mbstances, too, cause taam or less aboormal 

raSex aetioiifl to the muBcolar fibres in the wkU« of t hf throat, 

(Mophagna, stomach, and diaphragm, nealtiQ^ in Tomiting. 
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mucous membrane and papillee of the root of the tongue, and car- 
ries the impulse of seneation of taate of that part. The hypogloa- 
8al nerve supplies the muscular portion of the tongue; while the 
Ungual (gustatory) hranch of the fifth nerve carries the impulse 
of sensation from the taste bulhs in the mucous membrane of the 
anterior two-thirds of the tongue. Substances in solution pen- 
etrate to the papillffi of the tongue by endosmosis and by attraction 
of the cells in the papilite. With a coated tongue, therefore, taste 
is more or less vitiated. An imprc^Eiion on the terminal bulbs of 
the papillffi is retained for some time, so that in tat^ting different 
flavors repeatedly in quick auccession no difference can he distin- 
guished. By tasting a highly flavored medicine nauseous drugs 
may be swallowed pleasantly. (See Terminal Bulb.) 



TENTH PAIR < 



NERVES — THE PNEUMOGASTRIC. 



The Fneumogaatric (Vagus) Nerve (Fig. 51), one from each 
hemisphere, is composed of sensory and motor fibres. The fibres of 
its origin proper, are sensory only, and arise from the posterior part 
of the floor of the fourth ventricle. Its motor fibres are derived 
from other sources, since it receives nerve-fibres from the spinal ac- 
cessory, glosso- pharyngeal, and hypoglossal. It gives off ten V>ranch- 
es; viz., auricular, pharyngeal, laryngeal {superior, and recurrent), 
cardiac (cervical, and thoracic), pulmonary (anterior, and posterior), 
oesophageal, and gastric. The fibres, after leaving the centres of 
origin, join, and the nerve proper is formed, receiving its neurilem- 
ma from the dura mater just when passing from the cranium in 
company with the glosso -pharyngeal artd spinal accessory nerves 
through the jugular foramen. It supplies the pharynx, larynx, 
organs of the voice, trachea, cesophagus, lungs, heart, thorax, stom- 
ach, and greater part of the intestines. This nerve is the channel 
through which the sensory impulses for respiratory and circulatory 
movements are conveyed to the medulla oblongata, which sends 
forth reflex impulses to the lungs, respiratory muscles, and to the 
heart- It also wields an important influence in digestion, as it sup- 
plies the walls of the stomach with sensory nerve-fibres. The reflex 
impulses carried by its motor fibres are derived not only from the 
respiratory and circulatory centres, but also from other centres, the 
fibres of which run within the pneumogastric nerve, such as those 
contributing from the spinal accessory, glosso-pharyngeai, hypoglos- 
sal, and others already mentioned. The reflex impulses carried by 
ilB motor fibres call forth not only normal activities of already 
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I Mated orgsns, bat also (if irritated) a varietr of abaoniiaj t^az 
llpjMiximeDa, socfa as ooughing, and Tomitiiig. (See Reepiration, 
FCiiculatioii, Heart, Artmies, Stcntacfa, Saliva, and Voice.) 
Fig. 51. 




ELEVENTH PAIS OF CKAXIAL ?CEa\-ES — THK SPDEAL ACCISSORT. 

TbeSpiaBl Aeeeaaory Nerve (Fig.5->), ooe from eacfahalf 
\mt the nKdolla cbloi^ata and spinal cord, anscs front two roota, 
I aoe from cells near the Tsgvs nwleus on tbe floor of tb« foattll J 
tMBtiicte in the medulla oUengata, the oUmt tnm celU to the a 
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teriop and posterior horns of gray matter in the spinal cord between 
the 4th and 6th cervical verlebrse (3, Fig, 52). From this latter 
origin emerge a serieB of separate rootlets that collectively pass up- 
ward through the foramen magnum, there joining the libtee from 
the medulla, then incorporating with the pneumogas trie {vagut) 
Fig. 52. 




Diagram of the spinal accessory nerve. 



A, Cerebrom. B, Cerebellum. C, Spinal accessory nerve, where it runs in 
the Mune sheath with the pneujnogaelric nerve. D, Branch communicating 
with the pharyngeal branch of the vague. £, Branch communicating with 
the eaperior laryngeal branch of the vagus. V, Branch supplying the sterno- 
maetoid muscle. S and T, Branches supplying the trapezius muscle. 

I, Pons Varolii. 2, Medulla oblongata. 3, Cervical portion ol the spinal 
etad. 

nerve, with which they pass from the cranium through the jugular 
It supplies, either directly or by anastomofiis, motor in- 
B to the pharynx and larynx, and the sterno-mastoid and 
siQfi muscles. Some of its fibres are connected with the car- 
diac plexus. It controls, also, the vocal organs. Section or sufficient 
injury to it causes loss of power to produce vocal sounds. Other 
movements, such as the peristaltic in the larynx for deglutition, are 
not interfered with. Section of the pneumogastric, however, paral- 
yzes the glottis, the organs of respiration, phonation, and deglutition. 



CRANIAL NERVES. 



TWELFTH PAIR PF CRANIAL NERVES— ^HE HYPOCLOSSAL. 

The Hypoglossal Nerve {one from each hemisphere) a 
from some fibrra in a groove between the pyramidal and olivary 
body, and some from a nucleus of cells at the anterior and lowest 
portion of the fourth ventricle. The fibres join, and the nerve prop- 
er is formed by receiving its neurilemma from the dura mater just 1 
when passing from the cranium through the anterior condyloid tofM 
amen. The fibres all arise anteriorly, and, therefore, physiologio-l 
ally carry violor impulses to the tongue and most of the muscled 
Fig. 53. 




Diagram of the hypoglossal nerve. 
A~, Cerebram. B, Cerebellum. C, Hypoglosaal nerve. T, lu tnusctiiai 
branches to the tongue. H, Its deicendene noni branch. 
1, Pons VaroHi, 2, Medulla oblongata. 

arising from the hyoid bone. Its fibres of the lower origin dectu 
sate at the median line; therefore, cases of facial paralysis may b 
accompanied by paralysis of the tongue on the same side with thaQ 
of the face, being the side opposite the lesion. One of the genio- 
hyo-glossal muscles in this case loses its power, while the muscle 
opposite remains active; so that in protrusion of the tongue it ifl 
drawn to one side. The motor influence of this nerve is essential ii 
mastication, deglutition, and in articulation of speech. Section Q 
injury to the nerve either stops or interferes with the reflex Hctiod 
for these functions. 



CHAPTER XX. 



THE EYE AND THE SENSE OP SIGHT. 



The £yel)aU (bulhvs oeuli) (Fig. 54) is the organ of iifihl; and, 
considered as an optical inHtrument, may be said to resemble a 
camera obecura. It is held in positioQ in the orbit by the surroun- 
ding muecloB, eyelids, and optic nerve. 

The Sclerotica or Sclerotic Coat (Fig. 54) is a tough, re- 
eieting membrane, which stirrounds the eyeball externally. Its 
anterior segment is termed the Corjiea, and ie composed of five 
layers of horny, fibrous, unyielding tissue, and is perfectly trans- 
parent. The cornea has no blood-vessels, but is supplied by nerve- 
fibres from the ciliary nervfe. It differs in this respect from the 
other portions of the sclerotica, which consists of white and 
elastic fibrous tissue, opaque, very hard and dense, and forms 
an unyielding membrane, inijwrviouB to light. The sclerotica re- 
ceives the insertions of the recti and oblique muscles of the eye- 
ball, and is well supplied with ciliary vessels and nerves. The 
cornea may become altered in structure through pressure or tension, 
in which case it presents an opaque, milky appearance, like the rest 
of the sclerotic coat. 

The Choroid coat of the eye (Fig. 54) is a highly vascular, 
opai)ue, blackish brown pigment inenibrane lying between the scle- 
rotica and retina. Its dark color and density prevent dispersion of 
the rays of light within the eye, thereby favoring the absorption by 
the retina of all the liglit that enters the eye. 

The Hyaloid Membrane is a thin, soft, gelatinous, structure- 
less membrane surrounding the vitreous humor, into which it sends 
numerous transparent, clear processes for the support of the hu- 
mor. These processes serve to equalize the pressure if the sur- 
rounding membranes. {Vidf- Vitreous Body.) 

The VitreouB Body, or Humor, is a soft, gelatinous, transpar- 
ent, glossy structure, filling about four-fifths of the eye-globe post- 
eriorly, where it is surrounded by the retina. It is composed of wa- 
ter, mucin, salts, and albumen. It contains no blood-vessels, its 
Datrition being imbibed from vessels of the retina and ciliary pro- 
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cesses. Possibly, the amteboid and multipolar cells contained in 
the vitreous body are more or less stimulated to activity by the dif- 
ferent color- vibration?, whereby a difference of Gtimuli on the ret- 
ina may be produced. 

The Aqueous Humor is a limpid liquid, consistitig of nearly 
pure water, with traces of albumen and chloride of sodium. It is 
enclosed in a cavity between tbe cornea and lens (Fig. 54). Thia 
cavity is divided by the iris into two chambers — an anterior and a 
posterior. The Anterior Cbamber is bounded by the cornea, 
iris, ciliary muscle, and ligament; and is filled with aqueous hu- 
mor. The Posterior Chamber is bounded by the iris, lens, and 
auBpensory ligament; it also is filled with aqueous humor. 
Fif. 64. 



'Tendon ^^ectita. 




Diagram of the eye. 



The Ciliary Muscle forms a circular hand, about one-eighlh 
ot an inch broad, lying on the fore part of the choroid coat, tbiclE- 
est in front and tapering behind in the part attached to the cfa4 
roid, just in front oE the retina. When this mu^i^cle contracts Ij 
compreasea the vitreous humor; or, possibly, by pulling on the cili- 
ary processes, at the same time relaxing the suspensory ligament, II 
assists the lens to protrude forward (increases its convexity), tbin 
facilitating accommodation of sight for different distances. Its ar- 
teries and nerves are derived from the ciliary arteries and nerv« 
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The Ciliary Iiigament consiele of circular, elastic tibree, about 
one-fourth nf an inch thick, anterior to the ciliary muscle, and con- 
taining the canal of Schlcmm. It surrounds the iris, and connects 
together the cornea, t^clerotica, iris, and outer tore part of the 
choroid. 

The Suspensory Iiigament of the lens ie a transparent, tough, 
elagtic, fibrous membrane between the vitreous humor and front 
portion of the ciliary processes, connecting with the border of the 
lens near its circumference, thereby constituting by its anterior 
layer a part of the boundary of the posterior chamber. Its inter- 
nal layer is attached to the ciliary processes. It is also connected 
with the anterior portion of the retina, assisting in retaining the 
iene in po^ilion. 

The Canal of Petit is a triangular passage, about one-tenth of 
an inch in size, around the border of the lens, lying within the two 
layers of the suspensory lipament. 

Fnpil, action of: Vide Iris. 

The Iris (rainbow-like, on account of Its many colors) is a thin, 
circular, conlructile, muscular curtain, suspended behind the cor- 
nea, but in front of the lens (Fig. 64). Its color constitutes the 
color of the eye (so-called). The orifice in the center ia the pupil — 
"the window of the eye" — whose function is the regulation (by in- 
voluntary enlargement and contraction) of the quantity of light 
adniitted to the interior chamber of the eye. This regulative func- 
tion prevents stnnig light from dazing the vision, or injuring the 
retina, A few strong rays affect the retina more severely than 
many weak ones. The iris divides the cavity between tlie cornea 
and lens into two chambers (an anterior and a post«rior), which 
freely communicate in the center through the pupil (Fig. 54). 
When rays of light focus on the retina the iris contracts and the 
pupil hecnmest small, through reflex action; the afferent nerve l>e- 
ing the optic, the efferent, the oculoniotorius through the ciliary 
fibres from the ophthalmic ganglion. The movements of the iria are 
involuntary. The impression of light is conveyed by the optic 
nerve to the anterior tubercle of the corpora quadrigeniina, which 
transfers the impulse to the valve of Vieussens, crus cerebri, and 
medulla oblongata (Fig, 43, and Fig. 44). There the oculomoto- 
riue nerve (third) originates, through which is transmitted a reflex 
impulse passing to the ophthalmic ganglion, thence through the 
ciliary nerves to the iria, for contraction. The contraction is there- 
fore produced through reflex action. The destruction of the corpora 



^^^^H 1B£ Err ASD THE ! 

W^SSbg^idaM aboiithiea the reflex ccntR^ and the irit (pnpu) 
[nauiu diUtod. whaterer be the intenai^ of the light. The iris 
I eoBtneiB aod the pupil tw t omee ibsII, Dot enlj through the in&n- 
■ Mtee of intcmified I^it, bvt alao frooi uit cooditioD prodw 
I fOffMtioa fd the blood twifIb of theejefaall; botn ■ccommoc 
I tioD for Dear objerte; ftDd ftom the tt?e a< DieoCine, opium, or j 
I MHl^miDe. PasRE^ soddenlr fran li^t to darfcoeas obecon 
I R^t) tiDtil » eofficient dilatatioft of the in$ aod t 
larseoMfit of the papil has taken place; bat paAiog from darkoi 
to bri^t ligfat daaea the erv from ioabilitj ni the irb to contract 
with sufficient rapiditr. Strong U^t on one eje causes ctmlrac- 
tion of ifae pupils of both eyee, the contractioa being doe to an im- 
polce through both ocnlomotorins nerves from within outward. 
I A brilliant light maj so contract the iris thai its traction on the 
L ciliary aod soffpeaaory l^anKnts will injtu« the retina. The reflex 
I impabes hy which the iris (popil) contracts (see corpora quadri- 
[ gemina) or expands (see cilio-^pinal centre) under varying d^rees 
' of ii^t pasBthrougb theophthatmic ganglion. The iris, therefore, 
acts sluggishly because the iQlerTening ganglion belongs to the 
sympathetic system. Section of the oculomolorius nerve produces 
permancnl dilatation of the iris. The centre for its sonnal dilata- 
tion lies at the lower cervical portion of the epinal cord, from 
which ne[ve-fit>riIlK ifsue to the cervical s}tnpathetic ganglion, 
and then pass to the ophthalmic ganglion. Section of these Gbrillffi 
near the epine caases pennanent contraction of the iris. It is 
< stated abo\'e that any oonditioo prodacing congeeUon of the blood- 
' Tessels causes the iris to contract. Now, any cause relieving the 
blood-vessels produces dilatation; such as diminished light, vision 
for a distant object, mental depression, or such drugs as atropia 
and hyoscyamine. 

Nerves. — The circular muscle-fibres of the iris are supplied by 
branches of the short ciliary nerve from the ophllialniic ganglion. 
The fibres are derived primarily from the oculomolorius nerve and 
from the cervical sympathetic ganglion. The elongated or radiat- J 
ing muscular-fibres of the iris are supplied by two or three long I 
ciliary ner\~e- branches from the nasal nerve, running vith the short i 
ciliary from the ophthalmic ganglion to the iris. Under normal 
conditions the sj*mpathetic impulses are much more powerful, and 
may overct>me contraction. Some stimulants, such as bright light, 
opium, cnlnbar bean, tobacco, chloroform, and alcohol (first stage), j 
BtimiiUle the rontracting centre and paralyte the dilator; while | 
othent, such aa darkness, fear, horror, or such drugs as atropia, hygs-J 
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cyamine, chlorofonn, and alcohol (latter stage), stimulate the di- 
lating centre, and paralysie the contractor. 

The UenB ie a crystalline, double-convex, transparent body. 
Regarding ile portion in the eye, it ie about a third of an inch iu 
transverse and about one-fourth in antero-posterior diameter (Fig. 
54). It weighs three to four grains. It ia composed of layers of 
fibres, the density of which increases from without inward, the 
central or nucleus portion being the most dense. Its eubetance con- 
sists of about 70 per cent water, 25 per cent crystalline solid mat- 
ter, and about 5 per cent of albumen, fat, salts, and choleeterin. It 
refracts the rays of light to a focus on the retina. ( Vide Accommo- 
dation of the Eye.) 

The Ciliary ProcesseB, numbering about sixty to eighty, large 
and small, lie side by side, and are attached to folds running back- 
ward from the p<isterior margin of the suspensory ligament to the 
anterior part of the retina (Fig. 64). 

The Betina is a soft, delicate, semi-transparent membraneous 
expansion of the optic nerve. It is situated between the hyaloid 



Fig. 65. 
Diagram of the layers of the retina 
l.Retioa. 2. Pigmentary layer. 3ftntH.Jfti.AH 
membrane of rods ainl cones (3, llie rods; 4 the 
conei). 5, Memtn-ftnu limitftae externa. 6, Outer 
naclear layer. 7, Outer molecular layer, 8, Inner 
nuclear layer. 9, Inner molecular layer. 10 Ves 
icnlar layer. 11, Layer of optic nerve-flbrea 13 
Hembrana limilana interna, with blood-vessels 
•nd optic nerve-fibrea. 



membrane and choroid coat, extending from the entrance of the 
optic nerve outward and forward to the tiUarv prw.essLs {>ig 54). 
Its greatest thicknecs, at the entrance of the optic nerve, is only 
about l-120th of an inch. As it proceeds forward it dimintshe'i to 
l-200th of an inch. The sensitive elements of the retina are in the 
ma^tida lutea (UvAus luteus), termed Jacob's membrane. This is the 
layer of rods and cones on which luminous rays have their pecul- 
iar effect. The macula lutea is a roundish yellow pigment spot, 
about l-20tb of an inch in diameter, on the retina directly on the 




>xi» of TvioD, m hui &• I 
(r^Ligbtsnd Sight.) 

Hie OpCie 'MerwB (¥i^ 43, utd I^ 54) tonUine only taaorj 
I Sbcc^ traaeBUttii^ the Monnal impBlaee nceiTed bam the retina to 
the vimal aeatie o( the brain, whiefc u nqnucd. ■» wr haT« seen in 
the ch^>tcr on MPtiation, far the pndnctioa of the external aeosa- 
tiaa of H^L If the opdc DOre in any part of he oeozee ia arti> 
ficiallr ctimolated, ritbfr mechapicanT or rketricalij, a anwatioa 
of light is aleo prodoced, as socfa FtimoIatioD, too, is trananilt«d 
to the rod* and cooes of the retina. LtnniooBB impre$nnD£ in the 
ejre, as e^wrks, for instaiKe, maT be camed W preenre extemallr 
on the ejetMLD when in the dark, or hr fstigw; of the retina from 
loo strong light or too continoed gaze, ?nch as in reading, and 
afterwardf cli>iing the eres. (S** '^tic Nerre.) 

The XoTements of the Eyeball are prodnced hj nix moEcles 
arising from the conloor of the nplie ftvamen and ncinitj, and at- 
tached to the Klerotic eoat. Poor inoscle? are straight, and termed 
external, internal, superior, and inferior recti, moring the eye ont- 
vard, inward, npirard, and downward, ^'henerer the extemst or! 
the internal rectos maecle permanenllr contracts, or the oppc 
moscle is paralyicd. «tinaAttMas is the result. The impulses throof 
the bcalontotoriiH (third) nerre principally more the mnsiclee a 
the eyeball. The superior oblique moficie, however, is actuate 
through the trochlearis (fourth), the external rectus through t 
abducent (sixth). 

Nerves and Aj^riee.^ — The sensory impulses of sensations d 
the eyeball and lid are carried throngh the ophthalmic branch e 
the fifth nerve. By and through the ophthalmic and ciliary gang- 
lia, the senaorv branches ot the fifth, the motor branches of the 
third, and the sj'mpathetic filaments of said ganglia, are tiniled. 
Among the various parts that make up the eye the terminal conca 
and rods on the optic nerve-fibres are the most impiirtant, as being 
more intimately and radically cnncerned in the operation of seeing. 
The motor muscles of the eye are supplied by the third, fourth, am 
sixth cranial nerves. The third sends fibres to all the muscles a 
the orbit, except the superior oblique and external rectus. The » 
perior oblique is supplied by the fourth, and the external rectus b 
the sixth. (For Nerves of the Iris, see Iris.) 

The Arteries are derived from the long anterior ciliary. 

The Eyelids, or Falpebree, protect the eye from injury, 
upper lid has the levator palpebre Guperioris muscle for apwai 
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tnoTements. The tarsus, iiiBide of the lid, is a ripid plate of connect- 
ive tismio, fhouBli fibro-cartilaginous in appearance, and keeps the 
lid in form and shape. The Meibomian glands, alxiut thirty in 
number, on the inner surface of th« eyelids, contain cells which se- 
cret* a sebaceous matter to prevent adhesion of the lids. The con- 
junctiva, or mucous membrane on the inner surface, is continuous, 
and reflected over a portion of the sclerotica. On the inner edge of 
the lids it converges into the lachrymal canal. The lachn/mnl glaml 
is a flattened body, about the size of an almond, at the superior ex- 
ternal angle of the orbit, and sfcretes the tears by etimulus through 
the lachrymal nerve. The orbicularis oculi (circular muscle) con- 
tracts the lids. In its paralysis, however, the lid on the affected eye 
cannot be closed; and even during sleep it remains open, because the 
two muscles that open and close the eyelids are controlled by two 
different nerves; i. e., the levator palpebree euperioris, supplied by 
the oculomotorius (third) nerve; and the orbicularis oculi, which 
receives Bhrilla; from the facial (seventh) nerve. In paralysis 
of said orbicularis, the lids cannot contract {close); and, in paralysis 
of the nerve fibres of eaid levator palpebrs suj>erioris, the lids can- 
not be raised (opened), although the movements of the eyeball may 
be unaffected and the pupil capable of dilation and contraction as 
before. The movement called winking is likewise susjwnded. Wink- 
ing of the eyelids may be produced voluntarily; but generally it 
tukes place involuntarily through reflex action, excited by contact 
of air with the cornea, and the accumulation of tears along the edge 
of the lower lid. At short intervals this produces an instantaneous 
contraction by refiex, through the orbicularis muscle, the edges of 
the eyelids being brought together and again immediately separ- 
ated, in that manner spreading the moisture of the lachrymal 
secretion uniformly over the cornea and protecting its surface from 
dryness and irritation. In said paralysis the motor power is lost, 
but the sensitiveness remains. 

The Accommodation of the eye is the power of its crystalline 
lens to increase or diminish its convexity so as to focus on the 
retina the rays of light reflected from objects situated at varying 
distances from the eye. An object is seen according to the light 
it reflects on the eye. Light itself is not visible. An image is a 
picture of an object. To be perfect, the rays from all points of 
the object must not intersect, but each ray must arrive at its own 
I«iint on the image. That the appreciation of light is by the 
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Rdection of ran from an ob)ect,ii|micdbjr^Ekaunes loamm^H 
ailmiMmg a Ruibcam throng a minitte apcrtim. Hie li^t-ra^H 
can be traced br tbe r^ectioo of tike particka of duet floating ^| 
the room. If tbe air in the room be {Mirifietl bcm doet, the ra?* 
of light cannot be traced; in fact, the part vhidi the ntobeam 
tnTvrses appear? &s dark «« the rest of the nam. Tbe objwl 
alone on which tbe rars strike and reflect b nsble. Tbe appar- 
ent aw of an object is diminighed according to its «*i^iiv^ fnnn 
the eye. The power of eetinuting dislaocr is acquired br habit 
and improTcd bj pnctiee. nith one «■« a person mar eee as tat, 
but not as clearly, as with two eyes, for, with two ere? we eee tbe 
object from two different points of Tiew, which ^ree at once a better 
idea of tbe propoftiinu of its dillerent parts. That two erw are 
required to properly estimate distance i« Bbovn when a ooe^red 
person tries to qmckl; dip a pen into an inkftand. li w« ^Dt one 
eye and try to place a stopper qoicUy into tbe opening of a bottle, 
tbe first attempt is seldom a saoccae, for we either orerreach or lall 
short of the mark. Tbe power of animating distance is greater in 
persons whose ejva ate set far apart and movable from side to 
Bide. The aocomnkodation for distance may be changed about 
three times in a second; but from a near to a distant object it is 
effected much m<«« rapidly than rice rena. Tbe bom blind, see- 
ing suddenly, canikot at first jo^e distance. An infant, not hav- 
ing arrived at the age of reason, or an adnll deprived thereof, will 
reach out his hands to *ciie the object desired, though it is far 
away. 

At any point farther distant than 65 metres, or about 225 feet 
(thepMiiMii«rtiNatMai),noaceommodation is necessary. Anypoint 
horn that up to the iMWctwM pntnKmn, which is about four inch- 
es from tbe eye, reqairee accommodation according to the distance. 
The latter i$ the limit of visibility for near objects. Tbe range of 
accommodation is, thnefcoe, frwn the punctnm proximum to the 
pnnctum rvmotum. Aooomsaodation is accomplished through the 
elasticity of the crystalline l«ns, which b(.<comes thick or flattened, 
according lo the distance of the object: thick when near, requiring 
positive accomiui«Uti.in — the anterior snrface of the lens becoming 
moTV curved (convex); flattened (less curved) when very far off, 
muKular action on the lens being then required^!, e., when 
ciliary muscle is tranquil, as at rest, tbe iris relaxes, and the cilii 
and suspensory ligaments partially suspend their action, tbe It 
then lying flattened against the vitreous humor behind it. Coi 
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: objects canaot be seen properly, 



quently, in the latter case, n 
while those at a distance can 

A ray of light must traverse the cornea, aqueous humor, lens, 
and the vitreous humor, before it foeuaes at the retina. Changes in 
the figure of the lens are brought about by the iris and ciliary mue- 
cti'S. The circular and radiating fibres of these two muscles con- 
tract, thereby exerting sufficient pressure upon the border of the- 
lena to cause the protrusion of its anterior part, which becomes more- 
convex, because at the pupil alone its advance is not resisted. The 
aqueous humor displaced by the lens enters the anterior chamber, 
and recedes on the flattening of the lens. The power of increasing 
the convexity of the lens is diminished by advancement in age- 
To remedy this defect the person uses convex eye-glasses, to supply 
the want of convexity of the crystalline lens in accommodation 
for near obiectp. Artificial lenses for eye-glasses are generally 
made of crown or flint glass, in-six forms; — 




Thick at edge and l.hin 



, Double-concave. 
Q middle -!5. Plantwrariciive. 
(6. Conveso-co 



Lenses 1, 2, and 3, which are thickest at the middle, render par- 
allel rays convergent, whichever way they are turned; 4, 5, and 6, 
which ara thinnest at the middle, whichever way these are turned, 
render parallel rays divergent. The focus, or focal point, is the 
|wint at which parallel rays that enter different parts of the lens 
inler»ect one another. The more powerful the lens the shorter the 
tucal length. In case of absence of the eye-lens, accommodation is 
an possible. 



196 



THE EYF AND THK ^F.SSr: OF ejfin' 



Sight.— At the entrance of the optic nerve in llie eyeball thew 
lire no rods nor cones, consequently no visual sensitiveness. That 
part of the retina is termed the blind spot. The most acjle area of 
vision is termed fovea ccnlralia, which is a slight depression in the 
center of the macula tutea, directly in the axis of vision, Iwing 
composed almost entirely of cones, about 2000 in number. Thia 
shows that the nerve-tibres Hre not the part sensitive to light, ba| 
that these parts are the cones, forming the terminal organs of 
fibres. The rods and cones in the retina lie close together, exc« 
in the fovea centralis, which has only cones, nhowing that ihi 
are of more importance to sight. They lie a little deeper than 
rods (3 and 4, Fig. 55). When some of the cones are destroyt 
it causes dark spots of vision. The rods extend nearer to the sur^ 
face, and are also terminal organs of the uptic nerve- fibres. By 
the rods the quantity of light is determined. The transverse dia* 
meter of each rod is about one micromillimetre, that of a cone 
about two. Impressions on the retina remain from the l-60th W 
the 1 -30th of a second, experienced by the rapid rotary swingingf 
of a burning torch, especially in the dark, which then ap)iears 
like a ring, owing to the atler-image. On account of the after- 
image the rapid and involuntary act of winking doei; not interfere 
with the continuous vision of objects, as in reading, for instance.. 
The retina, in its adaptation for the reception and selection 
the rays of light, makes ihe eye one of the five organs of ll 
external senses. 

Light, like sound, is a quality of the ether accompanied 
vibrations, and caused by a body termed in relation to it tl 
"efficient cause." The organ which appreciates this quality (light) 
is the eye, the organ of sight. The essential nature of light is not 
known. It is known as a physical fact, however, that light is 
propagated at the rate of about 186,000 miles in a second, and is 
capable of transmitting and imparting energy. Ether (properly 
aslher) is a medium tilling all space, within and outside of matter. 
Its rarity and elasticity are enormously greater than those of air. 
( Vide .Ether in chapter on Miscellaneous.) The velocity of lighB 
through etker is 18(),000 miles in a second, while sound traveW 
through air only l-5th of a mile in that lime. The transmission 
of energy through the medium of ether is termed radiation. One 
kind of energy we call light. Its luminous rays on the eye stimu- 
late the sense of sight. Rays of light-ether travel in vibrations, 
the impulse following by repetition, or periods. The color of bodies 
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resiiltfl from one itortion of the colored rays contained in white 
light being ahsorhed at the surfai^e of the body. If that portion 
which 19 unabsorbed traverses Ih" body it is colored and transpar- 
ent; it refracted, it is colored and opaque. Distilled water in a 
glass appears white; by adding matter which changes the vibrations 
the white disappears, the color of the mailer added being perceptible 
only. In this case, the increased additional color of one stratum 
has cheiiiicully changed and hieniled with the other, as well as 
altered the vibrations. The sensational effect of a stimulus on 
the external sense-organ does not proportionally affect the internal 
sense-organ, because theexternal sense-organ changes the logarithm 
of the }<tiinulus. The vibrations of light-ether, their repetition and 
intensity, depend on force. The difference Iwtween the colors of the 
spectrum depend son the wave-lengths of light; or is a difference 
in frequency of vibration, just as in sound the number of vibrations 
in B given time determines the pitch of a note. (See Retina.) 

Color BltDdness may be caused by a failure of certain cones 
in the n-Mina to absorb light-ether of certain color vibrations, or it 
may he due to a de!ect in the area of sight in the cerebrum. This 
condition is illustrated by a person whose judgment on a certain 
sabject may be entirely abnormal, wliile on olheru it is perfectly 
sound. DaltunUm depends es[>ecially on the inability to distinguish 
red color. 

The Emmetropic Bye (normal) conducts parallel rays from 
distant objects to a focus on the retina without any effort of accom- 
modation of the crystalline lens, or aid on the part of the iris, cili- 
ary muscles, ciliary and suspensory ligaments. 

The Hypermetropic, or Hyperopic, Eye (short or flat 
eyeball) (A, Fig, -57) is long-sighted, the raya being abnormally 
refracted, and focused l>ehind the retina (2). In Ibis case the eye- 
ball is loo short anlero-posteriorly, though otherwise it may be 
normal in shape and healthy in function. With parallel rays from 
far objtcts the accommodation muscles do not require to be active. 
A proper convex eyeglass (converging the rays of light) will focus 
the rays at a shorter distance— that is tu say, on the retina (4). 

The Myopic Eye, short or near sight (B, Fig. 57), must not be 
confounded with a dim or weak sight, because short-sightedness 
applies exclusively to the range, not to the powc. The short-sighted 
eye is optically too pnwerful, and an object, at a moderate distance, 
is not properly focused. A person thus affected may possess the acut- 
eet power of vision lor near objects. If the eyeball is too long, then 
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the rays decuBsate, or focua within the vitreous body (6), before a 
riving at the retina, and consequently are not foeusod on the proper I 
organ (8). The cause nf myopia differs in different persona; 
some it is caused by an over-convexity of the cornea, or the lens; J 
in others from undue density or overabundance of aqueous humor I 
Fig. 57. 




^ 



Diagram of a long, and a short-sighted eyeball. 

A, Eyeball too abort. B, Eyeball too long. 

1 and 5, Anterior portion of eyeball (cornea). 2, Focus behind the ejrehall'l 
of a long-eighted eye (hypermetropic), the focus having passed tbe reUna (4)> I 
3 and T, Optic nerve. 4 and 8, Dotted line indicates tbe retina. G, Focusl 
within the eyeball, am) not reaching to the retina (8) of a short-sighted ey« I 
(myopic) ; tbe eyeball is elongated. 

in the anterior and posterior chambers; from an elongated vitreous 1 
body; from a defective accommodation; or, as stated, from an elon- 1 
gated eyeball. The cause ia often hereditary in families. Donders J 
believes the prolongation may depend on either one of threeci 
"I. Pressure of the eye-musclea, during continued strong attemptal 
at accommodation. 2. Increa&ed pressure of blood in Ihe eyes from 1 
a continued stooping position. 3. A congestive process, leading to 4 
softening and extension of the eye -membranes." Short-sighted per- 1 
sons require concave glasses to remove the focal point farther back; , 
t. (!., on the retina {H, Fig. 57). 

Diplopia, or double vision, is of two kinds; caused, first, by a 1 
want of harmony in the movements of the eyes, the vision of each, , 
separately, being perfect; second, there may be double vision with I 
one eye only. The first may occur in squinting; the second, from 1 
paralysis of one or more muBcles of the orbit. The latter form -I 
may arise from disease of the brain, cold, or overstudy. 

The PreBbyopic, or long-sighted, eye (A, Fig. 67). The range I 
of accommodation is here diminished, and tbe vision of nearol>>l 
jects interfered with; it is the failure of the power of accomn)oda>l 
tion in advancing years. This condition is natural from youth to] 
age, like gray hairs, and may occasionally be met with in youDj 
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peraoDfi. This is not go much due to BhortoDss of the eyeball, ae 
is the case with hypermetropic eye. Presbyopia is a defect of 
accommodation, the lens by age becoming harder, its fibres less 
elastic, and the ciliary muscle weaker; consequently, the lens 
becomes flatter, and cannot accommodate itself for distinct vision 
of near or distant objects. In such a case a remedy may be found 
in the use of convex glasses of low power when reading, but not 
constantly, their occasional use being not so dangerous as the 
inconsiderate use of the concave. 

Hemeralopia, or night-blindness, is a peculiar form of inter- 
mittent blindness. The person can see perfectly with an ordinary 
light, but becomes partially or entirely blind at twilight. This 
affection is met with in tropical regions, the strong light of which 
may exhaust the retina, so that it is no longer capable of respond- 
ng to the weak rays of twilight or moonlight. A remedy is found 
n protecting the eyes from strong daylight by colored eyeglasses, 
n tonics, and nourishing diet. 

Sno w-blin d n ess may be regarded as analogous to the pre- 
ceding. 
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(2)— which 
V ametmUaM, aad rAbcS tawBid Ute Mxtads fait- 
■■^■paatte^ The|KBna,«-m«nc)^is tbcrztenuUskinuidrar- 
til^^tm fe w ■ ■ wk. !■■ deep chUtkI oaDCsritt' 'a the fmm^a, 
■aJtbgkwMtp fJ B fat pwttfaglth. The inegolu enr6we of the 
cii e iM l car is «f bmb* impartMaae to bearing, as, bj loskiag 
the im^nluitieeiBioo^ vitb «az or otfaerwiae, Ihoo^ the canal 
be left bee, the inlenstr al eoaad and its dinctwn are appafenilf 
Aani^ed. In eoch a caae the exiemal snoothnes? reflects the 
soBud-nbratKins ootrards, aod, theraloee, dimitiiebee ibeir iniens- 
itj. The exlemal ear is a sooiui caadenset. Holding the hand in 
a concave poeitton behind the ear mcreases the coDdeasatioa, and, 
cooseqaently, the inten«itr of toand. Its three muscles, Dan>cd 
oHoUflu, altraktTU. and rrtrahfm*, keep it in positinn, and in nian 
are seldom of sufficient eise and strength to move the ear. la Mime 
animals the^e muscles are stronger, not only to gather more sound 
when listening, but a bo to relax or open theextemal part of theti 
tos to Militate the entrance of the sound wave. Some atuin 
such as horw'! and cattle, have an advanUge over man in thta T 
epect, a?, when the sound-waves are too sharp or painful, or whed 
swimmiog, they incline their ears backward, thereby closing the 
meatus. 

The Bxternal Aaditory Canal, or rwatm auditoriiu externut 
(2), extends from the- concha inward for about an inch, and ler- 
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miniites at the mrmhrana tympant In frontof the concha is a prom- 
inence directed inward and backward, termed tragus (goat), cov- 
ered with hair, hence its name. At the outer part of tlie meatus 
are fine haire and sebaceous glands, while deeper in the canal are 
small glands secreting a bitter substance (cerumen), called ear-wax, 
that catches dust and entangles insects, thus preventing their further 
ingress. When the external meatus is plugged with the secretion 
(remmeri), hearing is impaired; or, if the cerumen is lodged against 
the memhrana tympani, vertigo, or dizziness, may be caused. The 
air in the external meatus, like air enclosed in any tube with an 
opening, increases sound by resonance; and as all tubes and vacant 

Fig. 58. 

D C 




D, Internal auditory 



Diagram of the ear. 

A, External ear. B, Middle ear. C, Inlernal ea 
caoal t8), and auditory nerve (9). 

1, Pinna, or auricle of external ear. 2, External auditory canal. 3, Mid- 
dle ear, or tymiianiim. 4, Eustachian tube. 5, Vestibule of the internal ear. 
fl, Semicircular canals of the internal ear. 7, Cochlea of thu internal ear. 
B, Internal auditory canal. 9, Auditory nerve. 

spaces, according to size, have different tones when blown into, so 
the eiie and length of the external auditory canal modifier the 
tone. Coneequently, it plays a part in the acuteness of hearing in 
diHerent persons, one considering a certain sound disagreeably 
shrill, while another considers it very agreeable. 

The Membrana Tympani (a, Fig. 59) slopes obliquely from 
aliove downward and inward at the end of the external meatus (2). 
The slope presents a larger surface to the sound-waves. The vibra- 
tions of the membrane depend on its thickness and elasticity. It 
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tween stride (C) Mid MceaJe (L). 

pulse to tbe inens (c), tbence to the stapes {d) in contact with the 
membrane of the fenestra oralis ('). The contraction and t 
of the membrana tvmpani. in ref:alating or responding to soaru 
may he compared with the regulating power of the iris of t 
eye. The intensiiT of Mond producee a reBex action, through t 
nerVQiu syatem, to the Ceuwr iympnmi mtutie (a), which then prt 
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4ace8 more or less tension of the membrana tympani (a). The 
reflex by which the impre^sione are regulated is effected by a nerve 
from the trigeminufi, through the oiic ganglion. When the tensor 
tympani muscle contracts, the hancUe of the malleus is drawn 
inward, producing more or Itss tension in the membrana tympani; 
but when it relaxes, the membrane, by its elasticity, returns to its 
poeilion of inactivity. This variation of tension is il!i accommodat- 
ing power to receive and transmit modified sound impulses, such as 
those of pitch, loudness, and quality. The membrana tympani is 
also the gate guard, permitting nothing to pass into the middle ear 
that would disturb the delicate mechanical action of the three little 
Iranes. The construction of both the external and middle ear is 
eridenlly designed for the propagation of sound, aud Its multipli- 
cation by resonance. 

The Middle Ear, or Tympanum (B, 3, Fig. 59), is a cavity, 
or space, between the membrana tympani (a) and internal ear (5), 
filled with air through the nasal cavity and Eustachian tube (4). 
It contains three very small bones^the malleus [b), incus (c), and 
ttapet ((i)~which, by their articulation with each other, establish 
communication and transmit sound-vibrations from the membrana 
tympani to the internal ear. The tympanum, therefore, from its 
position and office, is called the middle ear. The stapes covers the 
fenestra ovalis (e). The extent of the moderation of oscillation 
between the membrana tympani and fenestra ovalis may here be 
noticed. The passage of the oscillations through the three little 
bones, and the difference in size between the membrana tympani 
and the fenestra being as thirty to one, the extent of movement of 
the former is much modified; otherwise, it would burst the latter. 
The modification ia effected by the leverage of said bonea, the 
vibrations losing in extent but gaining in force. The manner in 
which sound is propagated through these bones is due partly to 
molecular action and partly to the movements of the same bones 
as a whole. The middle ear is lined with epithelium, being a con- 
tinuation of that of the nose, through the Eustachian tube. In 
the wall between the middle and the internal ear are two openings, 
or windows, termed fenealrEC {e and h), each lined with a thin 
membrane. The larger is termed fenestra ovalis (e), leading to the 
vestibule of the internal ear, and ia covered by the base of the 
stapes (ff). The smaller opening ia termed fenestra rotunda (A), 
and communicates with the cochlea. Both fenesirs lie in contact 
with the fluid endolymph in the internal ear (5). 
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t into 
b* tfcnwt 
lie Mallww Boom, or buncr (6. Fig. 59), eooratE of a bew], 
P Hek, and thrae ^i\'\nmra Tbe bMd anknUicF viifa the imnu (e), 
iJae Dcck wauaaiae to tbne p—c w^ The first of these, tenned 
frarHit, U thin, nnall, umI loo^ to which k attached the levator 
tjrmpani muKl«, afiocfBg lema^ to faeiUtat«' the mavcsnciits of 
tliu bone: the Mcood, toned fcnvia, is pmnted. aa is the reft of the 
nuaabriain, and aSocds attarhineot for the tcosco' tjmpani moscle, 
lying in contact with the membraiu tvxDpani, premoft it slightly 
oatward (concare), and acting as a damper In prerenting after vi- 
brations. When waves of eoond are too powerful and tbe damper 
not iafficieot, then strong vibralioD? may produce pain sympatliet- 
kally. The third process ie long and p(Mnt«d, tenned naann&riiiM 
or handle, attached to th* membrana tympani, and taking part In 
tt« vibrations. The head of the mallear articulales with the iDciu 
by a loose joint, so that when its handle movea coiT«e[iondingly 
with the vibrations of the membrana tympani the Icmg proceed of 
the incus does not move therewith to that extent, as it is only two- 
thirds as long as the handle. Beeides, the latter moves farther 
from its axis, and, therefore, the extent of vibratory movements on 
the stapes is considerably modified. They are, however, more 
powerful in its base on the membrane fenestra ovalis, in its move- J 
ni<!iil8 to and fro. 

The Incas Bone, or anvil (c, at B, Fig. 59), consists o! a 1 
and two proceHsea. lie body articulates loosely with the malleus J 
boite, and its long process with the head of the stapes, am 
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nt one is attached to the margin of the opening leading to the 
mastoid cells, or cavities formed in the mastoid process hj absorp- 
tion of bony tissue. 

The Stapes, or stirrup {d, Fig. 59), conaiate of a head, neck, two 
branches, and a bace. The head articulates movably with the long 
process of the incus; the neck receives the stapedius muscle (3), the 
t<mallest In the body, originating just behind the fenestra ovalis, 
nnd holding the stapes in position on the membrane covering said 
fenestra. The two branches, or crura, of the stapes terminate at 
its base. The prew^nce of three bones instead of one in the 
middle ear ia to moderate the vibrations of the membrana tympani, 
so that said impulse of vibration may not injure the more delicate 
nervous structure in the internal ear and brain. These bones are 
covered with a membrane derived from the wall of the middle ear, 
and serve a twofold purpose — a? a transmitter of eoimd, and for at- 
tachment of muscles. Adhesion, or anchylosis, at one or more ar- 
tiuutations of lb(? malleus, incu=, or stapes, causes difhcult hearing. 

The Muscles of the Middle Ear. — The temor tympani 
mwelr. {t, Fig. 59) produces tension of the membrana tympani 
inwxrd, its contraction not being continuous, but varying as the 
sounds differ, and by it'^elf not under the control of tho will. Nor- 
mally, it is excited reflexly through nerve impulses, similar to the 
iris of ihe eye. The laxator lympani muncle draws the malleus bone 
outward, relaxing the membrane. Both muscles are atiached to 
the malleus, the tensor («} to the manubrium, the laxator to the 
process gracilis. The stapediug musde {9) originates at the eminenlia 
pyramidalis, just behind the fenestra ovalis (e), and is inserted in 
the neck of the stapes, the base of which is thereby depressed and 
held in position on the feneslra ovalis, which is surrounded by an 
annular lig Lment, keeping the stapes in a more fixed position. The 
stapedius muscle, v/hen active, moderates or prevents severe vibra- 
tory movements of the incus on Ihe stapes. The nerve filaments 
of these muscles are from the facial nerve. 

The Eustachian Tube (4, Fig. 59) is about one and a half 
inches long. Il establiabes communication between the middle ear 
and nose. Disease in the nasal cavity may partially or entirely 
destroy the function of this tube for a time; for instance, by chron- 
ic catarrh, by thickening of the mucous membrane, pressure by ci- 
catrix or by tumor, producing partial or total deafness, either tem- 
porarily or permanently, the air in the middle ear vibrating then 
with difficulty, or perhaps not at all. In some cases the obstructive 
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membrane may be remedied by the introduction of a EuntacbUn ' 

catheter ( s ) through the naeal cavity, or of air with 

the Politzer's bag. When the bag is used its nozzle is placed in 
the nostril, and while pressing the bulb and forcing the air int i the 
middle ear, the effort to awal low must be made. The nasal orifice of 
the Eustachian tube is normally closed; but in the act of ewalln? 
ing, or in other motions of the pharynx, it opens, and hence arises 
the necessity of swallowing during the injection of the air. When 
too much air remains in the middle ear hearing is dull, as it un- 
duly distends the membrana tympani, even to the extent of caus- 
ing pain. The act of swallowing, repeated a few times, will relieve 
this trouble if the tube be not compressed as above mentioned. 
The Eustachian tube is intended as an air-passage and outlet for 
mucus from the middle ear. In the effort at expiration, with the i 
mouth and nose closed, air may be driven into the tympanum ] 
(middle ear), while the effort at inspiration undfr the same condi- 
tions withdraws it from that cavity, the air passing in and out I 
through the Eustachian tube connecting the pharynx with the tym- 
panum, regulating thereby the pressure on the membrana tympani. 
Permanent occlusion of the tube is a common cause of deafness. 

The Internal Ear, or labyrinth (5, 6, 7, Fig. 59), consists of ' 
passages hollowed out within the thickest part of the petrous por- 
tion of the temporal bone, and is termed the oseeous labyrinth. The 
membranous lining inside is called the vicmbranout labyrinth. This 
latter, by its cavities and tubes, forms the vestibule, cochlea, and 
semicircular canals^all joining, and constituting in their entirety 
a closed sac in the internal ear. This membranous labyrinth is I 
separated from contact with the surrounding bony structure by the 
Uqtior Cotunnii, a limpid fluid termed perilymph (14, Fig. 60). 
This fluid is secreted by cells in the wall of the membranous laby- ] 
rinth, and is finally carried away through the aqueduct cochUarit 1 
and taken up by the lymphatics. 

The internal ear is the most essential part of the organ of hear- 1 
ing. Its cavities and passages are divided into three portions, thai 
vestibule (5, Fig. 59), semicircular canals (6), and cochlea (7)^1 
communicating with each other directly, and outwardly with the J 
middle ear thnmgh the fenestra ovalis (e) and fenestra rotunda I 
(?i), also with the brain by the auditory nerve (9), which pass 
through the internal auditory meatus (8). 

The Vestibule (5, Fig. 59) is an irregular ovoid chamber, orJ 
central cavity, tilled with endolympb, and is about one-fifth of an I 
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inch in diameter. It comiaiinicates not only with all parts of the 
internal ear, but outwardly, by the feneetrx oralis and rotunda (e 
and h), with the middle ear (3), and inwardly, by the fovea hemi- 
spherkn (10), with the internal auditory meatus (8). The wall or 
membranous lining of the fovea heniiepherica has many perfor- 
ations, termed Tnaculiecribro8X,tor the passage of nerve filament;? 
of the auditory nerve (9). The fenestra? of the middle ear form 
the only movable separating medium between the air contained 
therein (3) and the fluid in the labyrinth (5, 6, 7). Thememhrane 
covering the fenestra ovalie receives vibratory impulses from the 
stapes, which are communicated to the endolymph in the internal 
ear. The sonorous stimulus for oscillations of the endolymph may 
also be produced through the bones of the skull, by either placing 
a sounding body on the head, or a tuning fork between the teeth, 
when the ears are closed. In deafness, a sounding fork between the 
t«eth may assist in diagnosis; if sound he perceived, it indicates 
that the internal ear, or labyrinth, is in good condition, in which 
case the trouble will likely be found in the middle or external ear. 
The vestibule communicates with the semicircular canals (6) and 
cochlea (7), and is divided into two sacs (indicated by dots) the 
utricle (k) and saccule (L); the utricle being the largest, and re- 
ceiving the membranous semicircular canals (6) by five orifices. It 
also communicates by a small Y-shaped tube with the catialia reu- 
nutiM forming the ductus endnlymphatieus that passes through the 
osseous aqueduct, which terminates in a blind sac in the subarach- 
noid space. The saccule (L) is the smaller sac communicating 
by a small tube with the canalis reuniens and ductus endolymph- 
aticus. The utricle (k) and saccule (L, Fig. 60) have each an 
oval area termed -mactila acuatica (12), containing small bodies 
termed otoliths — crystals of carbonate of lime (12) — lying in the 
viscid endolymph in the utricle (k) and saccule (L). The otoliths 
are intermixed with otoconia, or ear powder — crystals more minute 
than the otohths. The use of the otoliihs and otoconia is to 
strengthen and divide equally the sonorous impulses in the endo- 
lymph; that is to say, they play the part of dirigcnts. If the sound 
makes a fine, gentle, and pleasing impression on the contents of the 
vestibule, then the impulse will be sent to the cochlea (like a gen- 
tUman into the parlor), where musiciil tones and enjoyable harmo- 
ny results. Should the sound make a harsh, disagreeable impres- 
sion, then it is relegated to the semicircular canals, resulting in dis- 
torbaace and confusion. If the sound be of a mixed character, as 
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from a wagon passing over a cobble-etone street, it is a noitf. The 
vestibule, therefore, may be described as an enclosed porch, or ball 
(Vorhof), where all sound impulses are directed to tbeir respective 
compartments, according to quality. The nerve-fibril Ite of the au- 
ditory nerve (9) supply the utricle (k), saccule (L), and ampallEe 
<i), and also help to hold the membranous labyrinth in position. 
The wall of the membranous labyrinth consists of three layers — the 
outer, middle, and inner. The latter \s formed of epithelial cells 
aecretingthefn'Wympft (liquor Scarpie), a limpid serous fluid which 
fills all the cavitie:^ and tubes of the membranoos labyrinth, such a 
Fig. 60. 



P 




Diagram showing the distribution of the auditory nerve-fibrillB 
within the vestibule. 

C, Portion of the iateraal ear. t, AmpuUm of the semicircular 
canals, k, Utricle of the vestibule. L, Saccule of the vestibule, 

5, Veetibule. 6, Semicircular canals. 7, Leading to the cochlea. 
8, Auditory nerve. 12, Otolltha, and Otoconia, 

I, One ampulla enlarged. 13, Bony wall. 14, Space between the 
bony and membranous walls, occupied by perilymph. 15, Wall of 
the membranous canal, 16, Internal portion of the membranous 
canal, occupied by endolymph. 17, Criala acustica having auditory 
nerve-fibril lie projecting into the endolymph within the canal. 

the vestibule, semicircular canals, and cochlea. The endolymph is 
the substance in which the true nerve-tilaments pass to and fro {Fig, 
60), and into which the nerve endings for the sensation of hearins- 
project (Fig. 62). It is renewed by the epithelial secreting celU; tj" 
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worn-out lymph and cells paaeing off through the arachnoid layer 
of the auditory nerve {9, Fig. 60) into the Bubarachnoid space of 
the brain. 

The Semicircular Canals (6, Fig. 60) are three ossemis hollow 
windings surrounding Ihe memirantme semicircular cannts. These 
i-anaU are each about l-2Cth of an inch in diameler, and termin- 
ate in the utricle (k) by five orifices, one of which is common to 
two of the canals. Three of the apertures have enlargements at 
one end, termed ampultas (t, i,). Each ampulla has a projection, or 
tubercle, termed crista acuatica (17), into which auditory nerve- 
fibrillEG enter, and project, as it were, into the endolymph within 
the canal (16). These terminations of the nerve- fibril lie may prop- 
erly he termed equilibrium organ, aa they regulate the equilibrium of 
the head, and its rotation as to rate and direction. A lesion of the 
horizontal semicircular canal disturbs this equilibrium, producing 
alternate lateral movements {right and left) of the head, often no- 
ticed in persons of advanced years, though hearing may not be in- 
terfered with. A lesion of the vertical semicircular canals causes 
Up and down (nodding) movements of the head. Disturbance of 
ull three semicircular canals produces loss of equilibrium in many 
directions (such as that in which the eyeball and lids participate), 
when the person may not be able to stand still, and may even fall. 
Such a disturbance may also be caused by weakness in the reflex 
centre of origin of certain auditory fibres in the cerebellum. In 
one instance lukewarm water gently injected into the ear of a 
healthy man of sixty to remove earwax produced such an effect on 
the nerve-fibrilliE projections of the crista acustica that it caused 
him to etagiier and fall on three different occasions, and blinded 
him for three or four minutes. The attempt to remove the wax 
with the curved end of a lady's common hair-pin resulted simi- 
larly. 

When the eyes are bandaged and the body quickly rotated, equi- 
librium may be preserved for the first few turns, but it is soon lost, 
and a false impression of the relation of the person to his surround- 
icgs takes place. In such a case the faculties of ascertaining proper 
position are either partially disturbed or entirely lost, and v<-r(igo, 
giddiness, or dizziness, ensues. The revolving movement affects the 
eadolymph in the ampullse of the semicircular canals, causing a dis- 
turbance on the nervous hair-like end projections in the ampuUte, 
by moving or floating them out of normal position. Glddioesa 
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Diagram of the 



A, Ki!rv(--fllirilUE of the auditory nerve paasiog from the saccaloa 
portion of the vestibule to and within tbe modiolus of the cochlea. 
B, Norvn-flbnIlB emerging from the modiolus through the ooeeous 
■plnl Uminn (H). C, Ttrminations of nerve-fibrillK at the orgu) 
of Cortl, X), Stinpe of the membrBaons codilea. E, Helicotrema 
Attho oapoliiof Ihucovhlea. H, Indicating the osseous spiral lamina, 
K, CotnmciKrment of the sc-alte. 1. Natural size oE the cochlea, 
about l-Jth of an inch in width and height. 

(1, Kin. fl). an*' form§ a spiral tube winding two and a half tin 
around a central pillar termed the modiolua, and constitutes I 
anterior portion of the labyrinth, or internal ear. The central b 
portion of the modiolus has minute channels for the pas^ag 
nerve-llbre* and arteries {arleria cenlTalis modioli). Both the 
diuluN, wJiich terminates at the cupola (S), and the canal of t 
cochlea dimininh in diameter from the base toward the apex, t 
onual heiuK about half an inch in length. All along the modiol 
is a projecting thin plate of bone termed osseous spiral lamina ( 
Fig. 82), projecting about halfway into the canal, following i 
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windings and partially dividing it into two parts, or ohamberB (in- 
dicated at o and m Fig. 59, but more plainly at the transverse sec- 
tion of the one-half winding of the cochlea B, Fig, 62), The oB- 
aeous spiral lamina and the membrane of Rei^^ner (1), and basilar 
membrane (3), subdivide the membranoua canal of the cochlea in- 
to three canals, termed »calie, one of which (n, Fig. 59) is termed 
»eata tympani (A, Fig. 62), communicating with the fenestra rotun- 
da (fc, Fig. 59). In fact, it would open into the middle ear if the 
fenestra rotunda were not closed by a membrane. Another {m. 
Fig. 59) is termed acala vegiibuli (A, Fig. 62), communicating with 
tbeveetibute (K, 5, Fig. 59). These two scalffi also intercommunicate 
at the apex, or cupola of the cochlea (E, Fig. 61), through a small 
opening, the helicolrema. A third canal, or scala, is formed as 
followe: From the osseous spiral lamina (B, Fig. 62) three mem- 
Fig. 63. 
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Diagram of ttie scalar and organ of Corti in the cochlea. 
A,TraDeveree section of a one-half turn of the coclilca. B, Mo- 
^oltie, or central stem of the cochlea. C, Scala meilia, or ductus 
cochlearis. D, An enlarged section of the organ of Corti. 

1 , BeiHaner's membrane. 2, Membrane of Corti. 3, Basilar mem- 
brane. 4, Cells of the organ of Corti. 5, Osseous lamin* spans 
supporting the cells of the organ of Corti. 6, Osseous spiral lamina 
and indication of auditory nerve -fibri lite paaaing from the modiolus 
(B) through the osseous spiral lamina (S), to the cells of the organ of 
Corti (*). 

branes arise (1, 2, and 3), which gradually separate and cross the 
Canal. The upper is called Reusner's viembrane (1), forming the 
toof of the third canal (C), termed srala media, or menAranous 
Wucfue coehUarh; the middle membrane (2), which stretches through 
■ the greater portion of the scala media, and ia called viembrane of 
^orli; the lower membrane (3), forming the floor, is termed basilar 
^wmbraiu { Vide Membrana Basilarie). The ecala media, or ductus 
cochlearis (C), is about 1-lOth of an inch in diameter, and is of a 
. triangular form. It is separated from the scala vestibuli by Reiss- 
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> «■ tkB haB7 vmll mipwite. The in- 
eof thk iMmJiranr ii bmt wiA alxwt 3000 oeUs (4), 
CM^ hanng cilutod (hnr-Iifce) imfoctaMis, tatsed rW« ^ Cvrti. 
The eeOs sad liicir rodi miv ECBSikaUr in anaagHaCBt, mtming 
in a eeriM bom lar^ to saaB, lOs pipes of »m organ, «e the duc- 
tw "^'— "■ dnodaidKS in duuseccx. Tte gm^«^ o< c^ls iriiidi 
wt on the biiitar nwbf ing is tennad arpia y Oartt. Tliiese cells 
nre BnpfMvtod on this ■ amb tm e br voy driJerta bonj tis&oe lam- 
Ibb itRteiiing acnMB vith it (5), like tKe Bpua at ■ bridge, ginog 
Rtpport u> the cells, in otder thAt tbar hair-like profecdag cili» 
can be naoie readily inpfcssed b; the nomber and ^ctent ol ribra- 
torj impaUca recaved tlii«i^ tlae cndolrinplt in tbe seala media 
(C), into whkh they proieet. These olinted profectioas (rt>ds of 
Corti) are the eictemal seose-orsaBs of besrii^. Tbe nerre-Sbres 
are taaarj and bel<n^ to the aaditofj oeiTe (portta aaOu). At 
the Teatibnle, the aaccole fibres ol this oerve (L, Fig. 60) enter and 
faU<nr the minnte bony canals within tbe modiL^las. and tasoe tfaere- 
hxxa at regular interrab, pacing along viihin tbe osseous spiral 
lamina, aa indicated at (6, Fig. 62), and then enter tbe cells of tbe 
organ of CortL Tbe rods of Corti on the celU (4) have tbe power 
of responding to soonds of different pitch, acoording to the number 
of Tibrstory impulses passing through the endotrmph of the duc- 
tus cochlea ris (C),aDd are, therefore, the true external sense-organa 
of hearing. The long, thick rods at the base of this duct respt 
to deep bass notes, and tbe thin short rods at its apex to thoso ^ 
higher pitch. 

Sound is a quality perceived by the bearing arising from a o 
tain species of vibrations in the air, or in any other mass capable 
of being properly excited, and is caused by a sonoruos or sounding 
body. Sound, therefore, is in the medium itseU (be this medioin 
a gas, flaid, or solid) that conveys it to the organ of hearing. A 
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Vibration is a change of position of particles of matter in quick 
Bucceesion; its equal interval of time being called the period of vi- 
bration. In the same proportion that an elastic medium facilitates 
the velocity of vibrations a dense one retards it, so that the greater 
the elasticity the greater the facility and rapidity of transmission 
of condensed and rarefied waves, or vibrations, through such me- 
dium. Again, the intensity of sound varies inversely as the square 
of the distance; so tliat a sound which has a certain intensity at a 
unit of distance will have only one-fourth the intensity at double 
the distance. Intensity likewise depends upon the amplitude of the 
vibrations, the density of the medium in which the sound is pro- 
duced, the direction of air currents, and the proximity of other 
sonorous bodies. A "Wave-length is the distance between the 
two nearest particles of a medium in the same phase of vibration- 
This length bears a fixed ratio to the vibrations produced by the 
sounding body. The greater the number of vibrations per second 
the shorter the wave length. Sound travels through air at the rate 
of about 1100 feet in a second (about l-5th of a mile), while light 
travels about 186,000 miles per second. The extreme limits of reg- 
ular periodic vibrations of sound (tones) is between 30 and 30,000, 
but beyond these limits they cannot be perceived. Sounds have 
certain characterislics by which they are recognized as either mu- 
sical tones, or noise. When vibrations arrive at the ear with regu- 
larity of intensity, periodicity, and simplicity, a mu.-iical tone is 
the result, having three essential characters — loudness, pitch, and 
quality. Irregular and rapid non-periodic vibrations are the 
sounds called noise. Sound waves are refractive, as shown by the 
celebrated experiment of Sondhauss; and reflective, as beautifully 
illustrated in whispering galleries, especially in those of St. Paul's, 
London, and of the famous gallery in the Mormon Temple at Salt 
Lake. The latter is elliptical, the slightest whisper at one focus 
being faithfully reproduced at the other. Musical sounds differ 
only in loudness, pitch, and quality. Loudness (intensity), as 
before stated, depends on the amplitude of the vibrations; ampli- 
tude being the distance, or height, of the crest of a wave from its 
axis (the imaginary central line drawn longitudinally through the 
wave). Pitch, is the difference between a low and a high tone, 
depending on the number and rapidity of vibration?' impinging on 
theear in a second. Any two instruments giving forth tonea of the 
the eame pitch must produce the same number of vibrating wave- 
lengths in a given time; the more rapid these are, the higher the 
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pitch. Qnality, or, as it is also called, timbre or tound-elang, ia 
dependent on neither pitch nor intensity, but upon tlie form or 
ckaracter of the vibrations. It is the peculiarity of tone which en- 
ables the listener to determine whether a tone comes from a violin^ 
flute, zither, harp, piano, organ, bell, etc. All these different in- 
struments, in order to produce the same tone, must give off the 
same number of vibrations; at the same time, each has a peculiar 
quality, sound-clang, or timbre, by which one instrument may be 
dietinguished from another. It depends really on what are called 
overtones. Overtones are Bounds produced by a body vibrating m 
ports, these auxiliary vibrations being superimposed upon and ac- 
companying the fundamental tone produced by the vibration of the 
body as a whole. These compound wave-vibrations, striking the 
membrana tympani (in a manner somewhat similar to that expe- 
rienced on the finger from a dicrotic pulse), produce a eeneatioo 
quite different from that produced by the fundamental tone alone. 
To pick out or distinguish these overtones requires generally the 
trained ear of the musician. As, however, the mechanism of tha 
organ of Corti ia not the same in all individuals, the nicety of dis- 
crimination of these overtones, be (hey manifested as harmonious 
or not, must vary in a corresponding degree. 

Kesonauce is the strengthening and prolongation of sound pro- 
duced by reflection or by reinforcement received from the vibrations 
of other bodies. If it be caused by reflection, the reflecting surface 
must be less than 112 feet distant from the sounding body, so that 
the direct and reflected sounds are blended. They cannot be heard 
separately, though they are mutually strengthened. If the dis- 
tance between the sounding body and reflecting surface be such 
that there is an interval between the reflected sound and the direct 
sound, we have what is called an echo. 

Sound waves occur in different ways, such as by the vibration of 
the air around a vibrating bell; a membrane, as the membrana 
tympani; through a hollow tube; through a mlid, as the oesiclea 
(bones) of the middle ear; or, through a fluid, as through the on- 
dolymph in the internal ear. Sound may cause an impression oa 
the ear by a single wave, illustrated by a pistol-shot, or by a contin- 
uous succession of waves, as by a bell or piano-string. Sound 
waves passing through a tube do not disperse; consequently, they 
are transmiited to a greater distance with little loss of force. Th« 
Bonnd motion of air particles is backward and forward in the line 
of propagation; not up and down, across that line, like water wavea. 
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Hearing.— The fluid in the auricular labyrinth may be set ia 
motion by sound-vibraliona in two different ways: 1 . By the base 
of the stapes in contact with the fenestra ovalls; and 2 , by vibra- 
tory motion communicitted through the osseous walls of the laby- 
rinth. Ordinarily, it is effected through sound-waves entering the 
external mentua and impinging upon the membrana tympani. The 
vibrations are thence transmitted through the malleus, incus, and 
etapes of the middle ear to the membrane covering the fenestra 
ovalis, lying in contact with the endolyraph of the utricle in the 
vestibule of the internal ear. The endolymph thus receives the 
impulse. Pressure on one side of a bladder filled with liquid nec- 
essarilly causes its other sides to bulge; but the membranous laby- 
rinth cannot yield, as it is surrounded by the osseous labyrinth. 
The movement, therefore, continues through the endolymph of the 
scala vestibuli(m, Fig, 59), and (A, Fig. 62), thus causing Reies- 
ner'a membrane (1) to vibrate correspondingly; and producing 
more or less modified vibration of the endolymph in the ductus 
cochlearis (ecala media, C). Again, the scala vestibuli, being in com- 
munication with the scala tympani at the cupola of the cochlea 
through the helicotreraa (E, Fig. 61), the vibration of the endo- 
lymph extends through the scala tympani, which communicates 
with the fenestra rotunda, whose elastic membrane yields, and thus 
finally compensates for the bulging movements of the membrane 
covering the fenestra ovalis. The vibration of the endolymph of 
the ficala tympani causes the membrana basilaris (^, Fig. 62) to 
vibrate corre.>?pondingly, thereby causing a more or leas modified 
vibration of the endolymph on the opposite side of the ductus coch- 
learis (C). It may here be noticed that two organs — the mem- 
brane of Reissner (1), and the basilar membrane (3) — act as trans- 
mitters and modifiers of sound vibrations in the endolymph of the 
ductus cochlearis, which two functions are facilitated by the elas- 
ticity of the membrane covering the fenestra rotunda {h, Fig. 69). 
Thus, vibrations of the endolymph within the ductus cochlearis (C) 
are greatly modified, and sound is there resolved into its three prop- 
erties of intensity, pitch, and quality. The ciliffi, or rods of Corti, 
Jjrojecling into the endolymph of the ductus cochlearis, are thus 
enabled to become impressed. Each cell and its projecting rods of 
the organ of Corti differs in length and delicacy. Each rod of the 
three thousand is the terminal of an auditory nerve-fibrilla, and has 
the function of receiving the impression of a certain number of vi- 
Irations, the impulse of which is transmitted to the auditory cen* 
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tre in the cerebrum. To stimulate the terminals of the Audit« 
nerve the sound vibrations must have certain qualities— 
cient amplitude and duration; and, to escile a sensation of a c 
tinuouB musical sound, a certain number of vibrations must arrive 
at the ear in a given time — say, in one second. The membrane of 
Corti (2, Fig. 62) projects into the endolymph of the ductus coch- 
learis, and, when in repose, almost touches the rods. During its 
own vibration, however, it acta as a damper, permitting several or 
many rods to receive impressions more or less simultaneously. The 
cells of the organ of Corti (4) rest solidly on the basilar membrane 
(3), and their several rows of rods, or hair-like cilise, are supported 
by the osseous spans (5). Now, if we suppose that a fundamental 
note or tone, say C, with 256 vibrations in a second, is appreciate 
by the appropriate rod, then its quality, or timbre, being a com 
pound of vibrations, must be appreciated by as many different rodi^ 
as there are differences of vibration in the compound. In this man- 
ner is established with facility impressions of intensity, pitch, and 
quality. The rods thus impressed, analyze the sound; a nerve im- 
pulse is transmitted to the auditory centre, and the external senskj 
tion of musical sound follows. The auditory area, or centre, is a 
the first temporal or temporo-aphenoidal gyrus (E, Fig. 49), 
destruction of which produces deafness of the opposite ear. The 
destruction of the entire gyrus in both hemispheres produces what 
the Germans call SeelenlaubhHl — deaf ness of spirits (soul-emotions). 
The sensations of sound, light, and other external sensations, do 
not take place in their respective areas, or centres, in the cerebrum, 
but, as we have shown, in the external organ itself. Normally, 
the sense of hearing may be improved in acuteness and delicacTJ 
by practice, as is illustrated in the experiment of the piaao-tunei 
and musician. 
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THE VOICE AND SPEECH. 

VoiOfl, or the production of vocat aound, ia a voluntary acf; 
that U to Bay, it ia under the control of the will. When tone ia 
produced, air is expelled from the lungs through the air tubes ami 
rima glottis with greater force. The rima glottis (1, Fig. 63), which 
separates the vocal chords (4, 4), is a ematl oblong aperture, wider 
posteriorly than anteriorly. 

Physically, for articulation, eight small yet distinct muscles are 
involved in each lateral half of the throat within the thyroid 
cartilage, five of which act on the vocal chorda and three on the 
epiglottis. The former muscles are the thyro-aryttenoideua, crico- 
thyroid, crico-arytsenoideuB posticus, crico-arytEenoideus lateralis, 
and aryteenoideiis; the latter are the thyro-epiglottideue, arytseno- 
epiglottideuB superior, and arytseno-epiglottideus interior. 

The ihyro-arytasnoid muscle, one on each side (2, Fig. 63) is the 
principal agent in drawing the thyroid cartilage forward and down- 
ward, and bringing the vocal chorda (4, 4) nearer to each other. At 
the Bame time, thcae muaclea Bwell inwardly, rendering the chords 
(the extreme edge of the mucous membrane of these musclea) tense. 
When the glottis ia nearly closed, the crico - thyroid {&) and the 
fotUrior crico-aryixnoideus muecles (8) cause the margin of the 
chords to become concave. At the same moment the contraction 
of both thyro-arytajnoid muaclcs (2) effect a straightening of the 
extreme concavity of the chorda {4, 4), which become tense and 
are eet in vibration by the air paaaing outward. At first, a 
little air escapes without producing sound; then, at the margin 
ot tlie concavity, two grayish-looking membranes {4, 4) appear 
Klretched from end to end, and a sound, or tone, is produced. These 
two membranes (the chords) are just opposite each other, and are 
eimply extenaiona at the mucous membrane on the anterior edge. 
Stretching makes them more grayish, hard, and solid. During 
their vibration they do not exactly touch one another. The 
muKular fibres of the membrane are extra strong. The thyro- 
tryuenoid muscle (2) does not vibrate, but it effects the tenaiou ot 
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the membrane on its anterior edge. The posterior crico-arytienoid 
musdes {8, 8) dilate the glottis. The crico- arytenoid latendit 
muBcle (7) is inserted in the anterior margin of ihe arytenoid car- 
tilage (9, 9), and acta to draw it forward. Paralysis of the latter 
muscle renders the voice harsh and deep, on account of the insuffi- 
cient tension of the chord resulting; but paralysis of the thyro-ary- 
tfcnoid muscle (2) causes a total loss of the voice. The arytirnoideu» 
muscle (11) iti inserted into both posterior arytatnoid cartilages 
{a, 9), holding tliem together. 




Diagram of the vocal chords and surrounding organs. 



1, Rima glottidis, 2, ThjTTj-iirytjenoiiieus muscle. 3, Thyroid carli- 
l^e, GODBtitutiag; the pdkcm AnAMi. 4, Vocal chordfl. 5, Cricoid carti- 
lage. S, Crico-thyroid muscle. T, Crico-arytfenoideus laleralis mus- 
cle. 8, Crico-arytffinoLdeus posticus nmscle. 9, Arytienoideus carti- 
lage. 10, Superior cornu of the thyroid cartilage. 11 , .\rytienoideus 
muscle. 12, Posterior continuation of (5), or cricoid cartilage. 13, 
Capsular ligaments connecting the arytenoid and cricoid carlilageB. 
11, Superior tfayro-arytEenoid ligament. 

The thyro- and the two orytteno-ep^lottidei muscles are not shown 
in the digram. 

The thyro -epiglotlideus muscle arises anteriorly at tlie inn 
surface of the thyroid cartilage, just anterior and external to the 
thyro -arytienoid muscle, and extends to the outer portion of the 
epiglottis. During vocalization it partially regulates the passage 
of air through the aperture by depressing the epiglottis. The 
superior arytieno-epigiottideas muscle takes its rise from the apex 
of the arytienoid cartilage, and extends to the layer of muscular 
fibres of the mucous membrane on the side of the epighntis. 
During vocalization it assists in regulating the passage of sir hy 
constricting the euiierior aperture of the larynx. The inferior 
arylwno-tpiijlottideiis muscle takes its rise from the inner lateral 
portion of the arytsenuid cartilage just above the attachment of the j 
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BUpttior portioii o( the vocal chord, and extends to the inner and 
upper part of the epiglottiB. During vocalization this muscle assists 
in regulating the passage of air by compressing the sacculuslaryngis. 

When the tones of speech are produced, the air in contact with 
the vocal chords becomes alternately condensed and rarefied by the 
vibration of the chords, which oscillate rapidly, like the strings of 
a piano. Hence it is the condensed and rarefied air that sounds, 
and not the chords or string. {Vide Sound in chapter on Hearing). 
The cavilies of the larynx, pharynx, nose, mouth, and trachea form 
a compound resonating- tube. The muscles connected with these 
cavities are acted upon through nerve-fibres, and in their action 
adapt themselves to the sounds and the pitch of the tone produced 
by the vocal chords. If one or more of these cavities or muscles 
be in an abnormal condition, resonance is imperfect. We can act 
at will on the vocal muscles to produce resonance, even below the 
chords; thereby producing a chest tone. In this the chords are not 
brought close together, and the vibration is communicated to, and 
perceptible at, the chest-wall; or, we can produce a head note (fal- 
setto), which is accomplished by causing the vocal chords to come 
closer together. Hence, the resonance in the trachea ceases, though 
in the posterior nares it is more pronounced. The limit of the hu- 
man voice lies between 100 and 1000 vibrations per second, embrac- 
ing about three octaves; though an expert in musical sounds may 
appreciate tones ranging from 30 to 38,000 vibrations per second. 
The note C of the middle octave on the piano vibrates about 256 
times in a second. 

The pitch of the tone depends on the tension of the marginal 
membrane of the chords, which may be likened to the stretching 
of the strings of a violin; but when the chords are brought in con- 
tact sound ceases. Again, the length of the vocal chords aSects 
the tension, and so affects the pitch of the tone given forth. Men 
with a large thyroid cartilage (povium Adami) have deep bass 
voices. The vocal chords of the female are about one-third shorter 
than those of the male. At the age of puberty the vocal organs 
grow rapidly, especially in the male, and the voice changes to a 
deeper bass tone. External pressure on the glottis causes a differ- 
ent sound to be emitted, even with the eame pressure of air. Again, 
if the epiglottis he entirely open, no sound is produced, even with 
the strongest force of air; but as soon as the chords come close to- 
gether and air is forced between them, sound emanates. The closer 
^ chords the less air is required to produce a tone of high pilch; 
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but the looser and wider apnrt, the more air is required. Hence, s 
einger can execute an effective crescendo much easier, and without 
extra inhalation, in the higher notes than in the deep bass ones. 
In Bome individuals, when the chords are separated to the extent 
of about 1 millimetre, deep basa tones can be produced, but when 
farther apart no tone can issue. Voice is normally formed always 
in expiration. When a vocal sound is to he produced the chorda 
are suddenly made tense and brought close to each other; the air 
is driven hy forcible expiration between Ihem, and the sound c 
forth. The tone, pitch, and intensity of sound vary with the d 
gree of tension of the chorda and the force of expiration. 

Vocalization ia accomplished in the larynx, but articulation isJ 
effected hy the lips, tongue, teeth, and palate. Articalation i 
the utterance and joining together of the elementary sounds of a.l 
language by the appropriate movements of the vocal organs. It ivi 
regulated hy efferent impulses through the facial and hypoglossal'] 
nerves, while vocalization is regulated by efferent and afferent im-1 
pulses through the vagus — its superior laryngeal branch being the 1 
sensory (afferent) nerve of the mucous membrane of the larynx. 
The vagus also supplies efferent (motor) fibres to the crico-thyroid 
muscles. All the other muscles employed in phonation are supplied 
by efferent fibres of the inferior laryngeal nerve. 

Speech may be defined as the utterance or articulation of word«| 
(sounds) to manifest concepts. Evidently, concepts may bvJ 
manifested by gestures, nods, etc.; but more effectively by the voicaa 
(articulation). The Speech-centre is at the inferior portion oil 
the third frontal convolution, near the bottom of the fissure of Syl- j 
viuB, in the left cerebral hemisphere. If, in the case of speech, th»l 
sensory and motor nervous centres, which must necessarily co-exist, 1 
as shown above, for co-ordinate action, become vitiated hy diseaaef 
or impaired from any other cause, speech must be defective. If^ 
the former centre is affected it produces sensory aphasia, there being I 
a deficiency or suspension of the power of recalling the word, or ofl 
prompting the necessary nervous actions to pronounce it; if the lat-1 
ter, there is motor aphasia, or loss of power to produce the properrl 
muscular co-ordination necessary for articulation of speech. In T 
some cases, a third, and even other motor centres are called into 
action. For instance, an organist having received a stimulus, 
through eight, from the notes of a piece of music lying before him, 
or from some other source, will sing, use his fingers on the upper 
key-board, and bis feet on the lower, for the production of deep 
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I the centres of the cerebellum are 



bass notes. In this ci 
called into action. 

In Sensory Aphasia the cerebral nervous centre h, in most 
cases, the firat affected — possibly by emboliem of the middle cerebral 
artery, or by other means of a mechanical nature. The subsequent 
softening of that portion of the brain, or liiemorrhage, is the result 
of the embolism. In this case the motor reflex gpeech-centre, not 
receiving an impulse for action, remains in repose. 

Ataxic Aphasia is a loss of speech from inco-ordination of 
the necessary muscular movements of the throat and mouth. The 
muscles are not paralyzed, but their power is disturbed by the mo- 
tor speech reflex centre, preventing proper co-ordination of those 
mUBclea. Nerve-fibrillie pass from the cerebral centre of speech 
through the left crus cerebri and pona Varolii to the centres giving 
origin to the vagus, hypoglossal, trigeminus, and facial nerves in 
the medulla oblongata, thereby establishing its influence. In atax- 
ic aphasia the patient knows the word wanted, but fails in articu- 
lation from disturbance of co-ordination in the muscular move- 
ments necessary. He can write, because he knows the words, but 
cannot read aloud what he has written. It is most frequently pro- 
duced by lesions at or near certain centres of the medulla oblong- 
ata, or in an efferent nerve. 

Stamineriiig, or difliculty in pronouncing certain letters or 
words, is due to defective contraction of the diaphragm, causing 
spasmodic respiration during speech, thereby preventing air from 
passing through the vocal chords in a continuous flow. 

Stutteringf is an obstruction of speech due to spasmodic neur- 
osis affecting co-ordination of muscles of the vocal apparatus, al- 
though respiration may be normal. 
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CHAPTER XXIII. 



THE SKIN. 



The Skin (or integument) eubservee four purposes, chiefly, viz.; 
1. It is the external covering, for the protection of the deeper parts 
of the body. 2, It is an excretory organ. 3. It is an absorbing 
organ. 4. It is the seat of the cense of touch. It consists of two 
principal layers — the epidermia and the dermis. 

The BpidermlB (A, B, Fig. 64), an epithelial structure on the 
outer surface, consists of two layers — cuHcle (A) and rele mucoivm 
(B), each of which is divided into two layers. The Cuticle com- 
prises the stratum cornfum. and stralum lucirJum: the Rete MuCO- 
sam, the slralam iiramdosuia and stratum Malptghii. The Strat- 
um Corneum consists of several layers of dry, horny, squamous 
epithL'linl oell;;, which limit superficial evaporation. The Strat- 
um Lucidum, beneath, consists of several layers of cells, clear 
and transparent, whence it derives its name. Below that lies t 
Stratum Qranulosum, the cells of which secrete a subslan 
termed ieraftn, — a function observed in cells in all eitualioa 
where the result of the secretion turns corneous. Melanin is thecolt^ 
ing matter — giving the white, brown, and yellowish color to the EvL 
ropean, American, and Asiatic, respectively, and black to the n 
Pigment deposits, when found in the skin, as in the negro, are o 
formed in the epidermis, but carried there by leucocytes from t 
subcutaneous tissue; this is proved by the fact that white * 
transplanted to a negro becomes black. The Stratum Malpi- 
gliil covers and dips down between the papillie and rests on a de 
icate basement membrane, forming the separating point betwcx 
the epidermis (A,B) and the dermis (G, H). 

In the superficial layers — t. f., in the strata corneum and luclj 
urn— tlie cells are flattened, transparent, dry, and firm, being g 
ually formed and incessantly renewed from beneath by prolifer 
lion of tlie rete Malpighii— successive layers approaching tho tiA 
surface, and their contents being converted into a kind ot hoi 
matter. From the peripheral surface, the layers are constant 
vom away, or desquamate in small flakes, called dandruff. WU 
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these two proceBses are accurately balanced in the phenomena of 
production and waste, the epidermia maintains its normal Ihick- 
nes* ; when, however, by repealed pressure, a more active ceil-growth 
ie Btimutated, then the epidermis increases. This is noticeable in 
the hands of the laborer. The epidermis protects the sensitive and 
vascular cutis (true akin) from injury from without, and limits 
evaporation from the blood-vessels. This is proven by exposing to 
air the two hands of a deceased person. On one, if the epidermis 
be removed, the akin will become brown and dried up in the epace 
fig. 64. 




Sectional view of the skin. 

A, A, Superficial layers of the eiidemiis, or cuticle. B, B, Deep 
layers of the cpidenniB or cuticle (A and B coDstitule tJie epider- 
miB, or cuticle ) G G Papilite reeting od and forming the upper 
part of the conum of the dirina or cutis. H, H, Di'ep pari of the 
rorium of the denna, or cutis, (b and H coustitute the derma, or 
cutia.) M, M, Fat cells surrounded by fibrous tiasue, situated l)e]ow, 
and not within, the derma. C, C, Sebaceous glands. D, Hair. 
E, Bulb of the hair. P, Papilla at the bulb of the hair. S, Nutri- 
ent arttry. F, Erector pili niusde. 1,1, Sudoriparous Jeudorifer- 
oils glands), or sweat glands. L, L, Ducts of the sudoriparous 
glands. K,K, Orifices of the ducts of the sweat-glands. 

of a day; while the other, not bo exposed, retains largely its natural 
moisture. Sunburnt complexion is due lo an increase of col- 
oring matter; which in freckles accumulates in spots. As the soft 
epidermic layer is transformed into cuticle the pigmentary matter 
disappears from its cells. In the deeper layers the cells are large, 
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rounded, or columnar, and their conl«nts eoft and opaque. The 
under surface of the epidermis is arauratelv moulded upou the pap- 
illary layer of the derma (G), each papilla being invested, or cov- 
ered, hy the epidermic sheath, which aUo eends tine tubular pro- 
longations into the ducts of the eudoriparous and sebaceous glands, 
and hnir-toliiclea. 

The Dermis (G, H, Fig. 04) also consists of two principal lay- 
ers—the derma proper, or the superficial papillary layer (G), and 
the corium (H), the deeper layer. Together these layers constitute 
the cud's vera, or true skin (Lederhaul), vrhich is composed of fibro- 
areolar, yellow-elastic, and white-fibrous tissues, making it tough, 
flexible, and highly elastic, to better protect the internal parts from 
injury. These tissues are interapetsed with numerous blood-vessels, 
lymphatics, and nerves, 

The Derma, — Towards the surface of the derma the fibrous tis- 
sues become finer and more closely interlaced, and the most auper- 
ficial layer is beset with numerous small conical, vascular, semi- 
transparent, flexible, and highly sensitive elevations of single and 
compound pnpillx arranged in two rows (G, Fig. 04). These are 
essential parts in the organ of touch. They are especially 
numerous on the areola) of the nipples, the palmar surface of 
the hand, and plantar surface of the foot. On the inner sur- 
face of the last joint of the fingers some papilln? stand in rows, 
others in groups, and are visible through the epidermis to the 
naked eye. According to Weber, in one square line of the palm 
the hand there are 81 compound pitpillie, with several points, anil 
from 150 to 200 smaller papillie, arranged in almost regular 
At the bottom of the furrows between the ridges are minute orL 
fices~the ducts of sweat glands. The average height of a papilla 
is about 1-lOOth of an inch, the hase being about l-250th of an 
inch in diameter. Some papillie contain tactile corpuscles, others 
none. Those parts where tactile corpuscles in the papilla are moat 
numerous are the most sensitive to touch, and vice vtrsa. They 
contain one or more nerve-fibrillte; but those containing tactile cor- 
puscles are constituted almost entirely of nerve-fibrillie, while 
those which have no tactilea are composed mostly of blood-vessels. 
The axis-cylinder of a nerve-fibre enters the corpuscle and wi 
around spirally, while its sheath becomes idcnlifieii with the oui 
wall of the corpuscle (Fig. 34). The tactile corpuscles are ov 
shaped, and are situated in the papillte of the derma, covered bi 
aheath of epithelial cells of the rete mucosum, and together i 
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to eonstitute what is really the organ of touch{orga7H(i» 
taring). The sense of touch is niost highly developed where there 
are the most papilla? containing tactile corpuscles. The Pacinian 
bodies, situated aome distance beneath the derma, and not in it, arr> 
believed to be those organs by which pressure (a modification ot 
the sense of touch) is appreciated. This implies, however, a func- 
tional relationship between these bodies, mediately or immediately; 
and the organ of touch (Fig. S.i). The papillre of the skin {Fig. 64) 
arc well supplied with blood, receiving from the vascular plex- 
us in the derma one or more minute arterial twiga, that divide into 
capillary loops. The capillary veins also unite in the papillic, and 
pass out at their base. This abundant supply ot blood in the pap- 
illie explains their swollen appearance and reddii-h hue when the 
circulation through the skin is unusually active. The highly de- 
veloped sensitiveness of a papilla depends on its tactile corpus- 
cle. (For the different phai^es of the BCnsation of touch, see Chap- 
ter XV.) 

The Corium constilutcs the deeper layer of the skin (H, Fig. 64), 
and consists of a dense, strong interlacing network of oblique 
t«nsor (muscular) fibres, and various white fibrous and elastic tissues, 
(The latter become permanently blackened (argyria) in a person 
taking internally for a prolonged period doses of argentum nitrate.) 
The corium varies in thickness in different parts of the body, from 
a quarter of a line to a line and a half, being thickest in exposed 
regions, as that of the band and sole of the foot, over the gluteal 
muectes and the patella, and generally thicker in the male than in 
the female. In the eyelids, it is very thin and delicate. The mus- 
cular membranous fibres, however, are most highly developed, and 
in many parts non-striated, as in the ekin of the perineum, nipple, 
areola mamma;, and extensor surfaces generally. 

The dermis, or cutis vera, is necessarily covered by the cuticle, 
Or epidermis; for unless the very sensitive papilla! were thus pro- 
tected contact with foreign substances would cause painful in.stead 
of the ordinary impressions of touch, as is proven by loss of tactile 
]x>wer in skin deprived of its epidermis. In parts where the cuticle 
is very thick, however, as on the heel, touch is im[>erfect or lost en- 
tirely. According to Kiilliker, the thickness of the derma is from 
l-8th of a line to a line and a half. The skin is thinner on the 
Jront than on the back part of the body; thinner ou the inner than 
on the outer side of the limbs, and very thin over flexures of joiuts 



and eyelide. (Concerning touch, and eensfttion in geno'a], 
tactile corpuscleiJ, Pacinian bodies, and chapter on Senses.) 

UuBcalar fibres of the Skin are voluntary or involuntary, 
the former, or striated fibres, being found on the head and neck 
only, where they radiate obliquely from the fibrous network of the 
derma (through which many mimic movements may be produced). 
The involuntary, or non-striated, muscular fibres are of three class- 
es — muscular membranous, hair erector, and oblique tensor of 
the corium — and act as important regulators in the fuucttons 
of the skin. 

The Arrectores Pilorum muscles (F, Fig, 64; and m, Fig. 
originate in the derma, and are partly attached to the hair-follicl* 
They also send down loop-shaped attachments to the elastic frame- 
work of the corium. During a slight contraction of these muscles, 
they relieve the sebaceous glands of their contents, and have no ef- 
fect on the hair- follicles; their severe irritation, however, cause* 
traction on the hair -follicles, resulting in erection of the hair ( notice- 
able on the back of an angry dog, or cat). 

The oblique tensor muscular fibres, with the elastic tissue, con- 
stitute, mainly, the corium. The elastic tissue exerts compression, 
and prevents the lymph-Bpacea from overfilling with the fluid of 
broken-down tissue, in which action the oblique tensors assist the 
compressing force, in response to the action of delicate nerve 
stimuluB. The muscular and elastic framework establishes an 
inhibitory apparatus, distributing pressure, traction, and relaxa- 
tion equably, and influencing the movements of the fluids, nutri- 
tion, and the interchange of gases. 

TenBion of the Skin. — Temperature exerts an influence on 
the muscular apparatus of the skin. A medium temperature causes 
moderate tension; a higher temperature, entire relaxation. In the 
senile skin, especially on the face and neck, the muscular fibres 
change and degenerate, causing the skin to wrinkle. 

The Subcutaneous Tissue beneath the corium (M, Fig. 64) 
is composed of connective tissue, fat and fat-cells filling up the 
spaces, acting as a soft elastic pad, and having very little conduct- 
ing power; hence, it regulates to some extent the radiation of beat. 
( Vide Fat). It is blended, by strong interlacing fibrous bunds, 
with the corium. 

The skin is provided with two kinds of secreting glands, tudttri' 
parous (or sudoriferous), and tebaceotis; and is furnished with two 
kinds of appendages, hair and naiU. 
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The Budoriparoua or Sweat glanda (each a email coiled 
tube, or convoluted reddish body) are the organs by which a large 
portion of aqiieotie and gaseous materials are excreted, and are 
found in almost every part of the akin (I, Fig. 64). On the palm 
of the hand and sole of the foot, their orifices occur in regular lines 
between the ridges of the papillce; on other parta of the body they 
are scattered irregularly. The efferent duct (L),on leaving the 
gland, passes upwards in a spiral or cork-screw manner as far as 
the papillm of the corium, and lies between them. From there it 
passes straight to the cuticle, when it again resumes a spiral course 
and opens on the surface of the cuticle by a slightly oblique, valve- 
like aperture (K). The diameter of the duct (L) is about l-1700th of 
an inch. The glands are soft, of a reddish color, and more or less 
flattened by the pressure of one on the other. They are imbedded 
in connective tissue, and permeated by a network of capillaries. 
Their average size is about l-50th of a line, their number over two 
millions; their situation is in small pits in the deep parts of the 
corium, or below in the subcutaneous adipose tissue (1). The palm 
of the hand contains about 2800 orifices in each square inch. 
Krauee calculated that the orifices of the sweat glands of the en- 
lire body represent an opening equal to about eight square inches 
of space. Those of the axilla (odoriferous glands of Horner) are 
among the largest, and secrete a peculiar odorous matter. Moll's 
glands open into the hair-follicles of the eye-lashes. The peculiar, 
bitter, yellow, adhesive semifluid substance secreted by cells of 
ceruminous glands in the external auditory meatus is called ceru- 
m«n (earwas). Its function Is the protection of the meatus and 
the membrana tympani from duet and insects. These glands 
are of a brownish color, and are simple modifications of (not differ- 
ing much in structure from) the ordinary sudoriparous glands. 

Sweat ifl not the product of the sudoriparous glands only. The 
intercellular passages of the epidermic cells open into the sweat- 
porea (ducts), by which the tissue fluid of the epidermis escapes 
externally. Consequently, sweat contains substances not secreted 
by sudoriparous glands (analogous to urine, which contains ingre- 
dients not formed by Malpighian bodies alone). The dog has su- 
doriparous or coil-glands, but does not sweat, its sweat-pores open- 
ing into the hair-follicles. Sweat is usually formed so gradually 
that its watery portion escapes by slow evaporation, termed insen- 
tible penpiration. When it becomes profuse and collects in drops, 
it is called tenaible perspiration. Sensible perspiration is the most 
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direct qhaiis of lowering the tempentore of the body. 
sweating is asnallr aocompuiied by dilatatioQ of the cutaneoiu 
ves^^eb: and, like other secretion?, sTicfa as saliva, is nnder the re- 
flex influence of a special nervoos centre in the inedalla oblongata, 
acting through its nwxe-fibre? npon the cells of glands. Sweating, 
therefore, occats not only when the fkln is red, hat also when pale. 
It occurs, be!sid«£, when the cataneons circalation is languid, as 
when accompanying syncope, or imroediately preceding death. 

On accoant of tbe presence of ncivting glands, the orifices of' 
which open externally, the skin becomes an excreting organ. Tbe 
excreted fluid (sweat) consists of area, extractive matter, carbonic 
acid gas, and water, the latter amoonting to ab>nt two pounds in 
S4 boar^ Tbe sehaccoos secretion (sebum) is of a more oily 
Datoie, and ia designed to keep the skin moist and pliable, and pre- 
vent a too rapid evaporation of moistore &om the body. If, in t 
warm-blooded animal, the^e secielory pnieescvs are stopped— «. ff. 
by Tamiahiog tbe skin all over with an impermeable subetance — 
tbe animal will die. 

Tbe SBbMseoiu (fimnds «ecnte the Sebnin, a soet-like fluid 
(C, Fig. &4). Tbey are orgaoa of a whitish hoe, found in nearly 
all parts of tbe sabetaiioe oC tbe corium or sabdermoid tissue, 
«xoe|>i on tJbe palm at tfae hand or sule of tbe foot; tbey are most 
MiMetom im tb» inWgoment of the scalp, face, nose, armfnts, and 
awn. Tbe Ut^kI glands oj this class an the Mnbemuau, found in 
the errtids. Tbe tabee (docts) of a tbe^eoos ^ands are very smalL 
Tbey are dlted with an opMiae^ white eafaetance. One or more open 
generally into the hair-foUicles, tboogb sometimes on the surface, 
as oa tbe labia minora, piivpooa (IVsob's glands), and red margins 
of tfae lip0 vt tbe noatb. 

Secrvltons of tbe siriMceoue glands, bair-folHcles, and ei»dermic 
tMerceilalar taaUers poAsiag inlo hair-loDieies, become so intimately 
inunninitted «3 lo fonn a siagb Iwao gBn eoos product. It oonsisti 
of oily and exuaetiT« matter, capcoie and batyik adds, and cast-' 
oA e|«tbeUal ctiks, tbe iorattr of wbkli ^ve^ it its peculiar odor. 
Tbe ptnpoee of tbe aefaMvoas scctettMi is lo keep tbe skin moiet, to 
Mto(laralecvapantan«,»»d to^matdit bam tbe cOects of the loi^j 
«MHiMM«l •ction of mnfaMiw. Ibe s ee rweJ product 

on tbt body of tb* .««fu n «irr«. It most, tfaocfotv, be 

tbe eacretMMS. Ifbat pan it has in tbe proc«M of 

^5st<ac*oq s ^laadi often eonUin a 

rbacweos matter, when fitvt 

bM in t)w dnrt* «fleti baidens, as 
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on the nose, where it can be squeezed out in a wormlike form — the 
eo-called comedo. 

The Appendages of the Skiu — the hair and nat/s— are mod- 
ificatioDS of the epidermis. 

Hair (D, Fig. 64; and A, Fig. 65).— The skin (except that of 
the outtT surface of the eyelids, palms of the hands and dorsal sur- 
faces of the third phalangea, and Boles of the feet) is covered wilh 
hair. The hair may be fine and delicate, or coarse and strong. 
The individual hairs are situated in depressions of the skin termed 
hair-foUicles (G), and extend obliquely into the deepest layer of 
the dermis, or IdIo the subcutaneous tissue, and have at the bottom 

rig. 65. 




Diagram of transverse and longitudinal sections of a hair in 
hair- follicle. 
1, Medulla, or pith oE the hair. 2, Cortex, or cuticle layer of the 
hair. 3, Hyaline membrane between the hair and follicle. 4, Hux- 
ley's layer ot internal lining of the hair-follicle. 5, Henle's layer of 
internal lining of the hair-follicle. S, Middle layer of the follicle. 
7, FibrouR layer between the middle and ejcternal layers. 8, Exter- 
nal layerof the folHt^le, with blood- vessel f<. 9, Blood-vesHels. 

A, Hair, B, Bulti. C, Papilla. D, Hyaline membrane and i 
nal eheath of the follicle, E, Middle layer ot aheatli of the follicle, 
G, External layer of sheath of the follicle, B, Sebaceous glands, 
iD,u, Erecior pili muscles. 

BtuAll papillce (C), from the surface of which the hairs take their 
rise. The wall of the follicle is lined continuously with squa- 
mous epithelial cells (4, 5, 6, Fig. 65), resting on a layer of the fibroue 



conoecti** tiflsoe (8 and G) in cnntMi with the smroandlDg 
cfaims- The follicle appeus dniidj u a ieep ilium wlini in Ifae 
soriaoe of the integoment. Tbe wall of the ioUiele b gnMraUy 
dtannrirf by one or more ducts of nfcaieMas ^ands (S), eonie of 
whidi disclMrge iDto the bairJolfide, and vtbcrs on tbe free 
soHaoe ot tbe akm. 

Tbe hair gnnre fa<o«i a iM^iUa (C), at the bottom of the ^""'"'^ „i 
the papilla sappljinf tbe autenal lor Us nocrbhineDt- It U lined^^B 

with a layer of ago ■moot ealla. This Hmnc makes a tnni up ' 

ward at tlw aide ti the p^illa, so that the born; ceU layer o^^ 
the hair and fdUde &ee each other. Their wuod w preTenle^E^ 
br a lavcr of fnsiionB erila whidi intetpoaes a transparentc^-^V 
gki«j, hyaline meatbnne between, (3; D). For reaeona stated^^.^ 
the oater layer of hair, cooBsti^ ol erert e d Bqaamoos acalea, ig» * 
tenneil the cnti^ of the bur (3). This cntiele surnmada ^^k-i 
single layer of ooa-nB ckate d, flat, olai^ted, boBDO^eneoo? cells, iu — ^ 
tbe <TQt«r of which as the nedaZlaty sfmet, sooKtiiDes filled witlr=A 
pith, bat generally boUo<w. 

Ihe root o( tbe hair reeta npoo the papilla, the cells of whicl=3 
form sacoessiTe layers w h e a eby the hair ^rows towards the sorfae^^ 
of the skin by gradoally lisiDg within the foUide. The hair ani^K 
fcUicb lay obliqnely, bat the sector pili fibres («) extend anga — 
larly fnta the avfaea of the papillary layer irf the dermis to tbe 
fcilUdes, H> that duing contraction they pall on the follicles, cans— 
ia^ the hair to stand enet on the akin. When & hair is broken off 
by pnllini^ it grows a^ain; but if tha root below be extracted (bulb 
B), the epithdial wall aloi^ the follicle also beeomea injured, and 
the hair will not be icfnodQced. Hair » shed in cMtain ammab 
periodicaUy by being lifted off fraaa the papilla throagh tbe con- 
tractive, or pinching, force of the ^^^^ni* oo the bair-follicles. As 
soon aa the pmraie feo^ be)ow opwaid is lessened the new bail 
I «iWMii III to glow, padui^ the oid oatwanl, the old bair falling 
off vben the new reaches tbe surfaoe^ In the hnman f>calp, in old I 
age, tbe fihnw of the Aenaii ptadnaUy c«ntraet, becrane bard, and J 
piudocc pnessure <tn the hair follicles; in comeqnence thereof the J 
hatr-slem bKxtn>cs thinner, assuming the Irawye (woolly) form; 
it the ooBiractMn aod pressure be complrte, tbe bair papille 
lophy, the foUicle« pennaacoUy ooUapse, and the hair growth iJ 
da>tioy«d. Again, daring a setare tlfamas, the old papilla maB 
dry ap and the hair hecwwis loose. When new papiUie foim ne^ 
hair grows, gndoally paobtng the <4d oot of tbe folhclea. 
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Gray Hair. — When the pigment formation in the cortex be- 
comes defective, the hair turns gray, as in old age; or if the me- 
dulla, or pith, become defective, the center of the hair becomes 
filled with air, giving it a eilvery appearance. 

Blood-vessels, Nerves, and Lymphatics. — The hair- 
follicles, sudoriparous and eebaceoua glands, are surrounded by" 
areoliB, or spaces filled with adipose tissue. These spaces are the 
channels through which the vessels and nerves are distributed to 
the more superficial strata of the corium and papillary layer. The 
dermis is supplied with numerous lymphatics. The blood-vessels 
form two systems, superficial and deep. The superficial supply 
the papillary layer; the deep, the fatty tissues, fa air-follicles, seba- 
ceous and sudoriparous glands. 

A HeemorTliage in the skin does not rise above its level. It 
may take place in one of three ways: — 1, Rupture of vessels from 
external violence or internally by increased blood-pressure, result- 
ing in effusion into the integument. 2. In vascular degeneration 
in disease of the walls of vessels. 3. By transudation of blood 
through the vascular walls. Bluish-red, greenish-yellow, and yel- 
lowish-brown spots, are produced by the progressive involution of 
the stagnated blood. 

The loss of water through the skin in a healthy adult in 24 
hours by sensible perspiration, adding the carbonic acid gas, salts, 
and other excretory matter, is about one and a half to two pounds; 
BO that in this time there may be a loss of l-28th of the weight of 
the body by urine, respiration, and perspiration. 

The toughness, resistance, flexibility, and elasticity of the skin 
admirably fit it for protecting the organs beneath. The horny lay- 
er of the epidermis, hair, and subcutaneous fat serve for the re- 
tention of the natural warmth of the body. The skin is also an 
organ of absorption of substances in solution sufficiently dilute to 
penetrate the horny layer of the epidermis. They are taken up by 
the cells and ducts of glands, absorbed by capillary veins and lym- 
phatics, and pass into the general circulation, acting In the same 
manner as if taken internally. Water and fluid or semifluid forma 
of nourishment, especially milk, may be administered through the 
skin; also many medicines, as by inunction or in solution, except 
strong astringents, which are difficult or impossible of absorption. 
While a strong solution of an alkali, especially soda, hardens the 
epidermic cells, a weak solution softens and swells them. 

The IfallB an the fingers and toes consist of horny, homogene- 



Ofos cells resting on a basonent lajer, and nm posteriorly and lat- 
crallj in a grooTe. The posterior wliite part, tenned lunula^ com- 
prises the nail-roots. The growth of the nail is forward from the 
matrixy or posterior aspect, extending from the extreme posterior 
portion of the roots to the antericHr border of the lanala. The 
cells of the matrix secrete the nail substance, which deposits in 
layers. The new secretion gradually poshes the previously formed 
part forward. The thickness of the nail-body is the same from 
the lonnla to the anterior projecting edge. The posterior groove 
in which the nail-xoots axe lodged prevents growth backward. 




THE KIDNEYS. 



The Kidneys are two glandular organs situated in tbe abdom- 
inal cavity, one on each side of tbe vertebral column. They are 
held in position by the entering and departing vessels and by a 
quantity of surrounding fat, somewhat firm. The ant«rior portion 
of tbe right kidney lies close to tbe liver, and to the descending 
part of the duodenum and ascending colon; while the anterior por- 
tion of the left is in close relation with tbe spleen, pancreas, stom- 
ach, and descending colon; only the surrounding fat separating it 
from these organs. The kidney is a smooth, dark-red, compressed 
oval body, with a hilum (notch) on the inner surface in connection 
with an anterior sinus (cavity), where the renal vessels, nerves, and 
excretory duct have their entrance and exit (5, 6, and 7, Fig. 66). 
Tbe ordinary size of a kidney in the adult is about four inches in 
length, two in width, and one in thickness. It weighs about five 
ounces. Its external portion, termed the cortical substance {l),is 
about one-fourth of an inch thick, and constitutes about three- 
iourths of the gland. It consists of a multitude of glomerules 
(Malpighian bodies), nerve-fibres, capillary blood-vessels, and lym- 
phatics, in connection with the uriniferous tubules. Between these 
organs is interposed a small quantity of very fine areolar tissue. 
The glomerules give it a granular appearance. The central portion 
of the kidney is the mfitvltary substt iir,e, and consists principally 
of straight uriniferous tubules, arranged in a series of various 
siied cones forming the reiial pyramids (2), from ten to fifteen in 
number, and extending from the papillse (3), through the medul- 
lary substance, to near the surface of the cortical structure. Tbe 
apex of the pyramid-shaped arrangement of uriniferous tubules 
forme a nipple-shaped point at the pelvis, and is termed a 
nnal papilla (3). Tbe uriniferous tubes are the channels through 
i»hich tbe urine flows from the cortical substance (1) into tbe pel- 
vis (4) — t, e., the funnel-shaped upper portion of the excretory duct, 
or ureter (6). Both the pelvis and the ureter are lined with mu- 
cous membrane, containing transitional epithelial cells, sometimee 
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intermixeii with columnaF epithelial cells. The caTity of the pel- 
vis ia subdivided into four or five portions, called ealyctt (small 
cup-like membranous canals). Into each calyx three or four re- 
nal papillse project, so that the urine dripping from the uriniferoiu J 
lubulea, and through the papillie, ia received by the calyces, con- ■ 
veyed to the pelvie, and deecends through the ureter (5) into the " 
bladder. In this manner the calyces, pelvis, and ureter, together, 
form the excretory duct for the urine. 

The kidneys are well supplied with blood-vessels, nerves, and 
lymphatics, held in place by connective tissue. The renal artery 
(6), ia short and thick, proceeds directly from the descending aorta, 
and supplies the arterial blood; which, having thus considerable 
force, easily penetrates the kidney and communicates with the J 
Fig. 66. 




Diagram of the kidney. 
1, Cortical subatance. 2, Renal pyramid. 3, Benal papilla. 
4, Renal pelvis. 5, Excretory duct (ureter). B, Renal arterr. 
7, Kenal vein. 

glomerules, uriniferous tubulee, and veins. The capillaries of most ] 
of the arterial and venous branches ramify in the cortical aub- 1 
stance, forming the glomerules. 

A Glomerule (Malpighian body, or corpuscle), is a dense clus- 
ter, or round, ball-like mass, formed by capillary arteries, veins, 
and the endings of nerve-filaments, enclosed by a capsule (Bow- 
man's capsule, A and E, Fig. 67), about l-144th to l-80th of an 
inch in diameter. This capsule is the commencement of the urin- 
iferous tubule (E). The capsule and tubule consiBt of basement 
membrane, lined with glandular epithelial cells. The tubules are 
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convoluted, and unite as they pass along to form the pyramids 
(2j Fig. 66), which at the cortical portion may consist of hun- 
dreds of tubules, while at the opening of a papilla (3) they are few 
in number. 

The gtomerules, or Malpighian bodies, caUBe the cortical sub- 
stance to appear granular. Into each glomerule, arterial and ve- 
nous branches enter (1, C and D, Fig. 67). The function of the 
glomerule is to separate the superfluous water from the blood. This 
Fig. 67. 



Diagram of 




body, of the kidney, 



1, LoDgitudinal section of a glomerule. 2, The glomerule intact, 
being completely aurrouDded by its capsule. A and B, Bowman's 
capsutea. C, C, Branch of the renal artery. D. D. Branch of the renal 
vein. E, 1. LongituJinal suction of a uriniteroua tubule. D and E, 
S, Indicating tht network of a uriniferous tubule and ita capillaiy 
blooJ- vessels. 

is, possibly, simply a dialytical, or straining process, forcing watery 
parts of the blood from the glomerule into its surrounding 
cavity. The capsules (A and B) and the uriniferous tubule (E, E) 
are lined with glandular epithelial c«IIs, which absorb, separate, 
and secrete from the blood various elements forming urea, uric acid, 
creatine, and the inorganic salts, such as chloride of sodium and 
phosphate of soda. The cells perform the functions of absorption, 
separation, and secretion, and transmit the saline elements, in 
solution, to the interior cavity of the capsule and uriniferous tubulo 
(E, Fig. 67), where the aqueous portion coming from the glomer- 
ule unites with the saline solution und passes into the pelvis as urine. 
The arrangement of the convoluted portion of the tubules (D, E) in 
the cortical substance is such that it forms a network similar t« 
that of capillary blood-vessels; so that within the cortical substance 
the network of both are ho closely interwoven that the secreting 
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epithelial cells absorb or eeparate the salts from the blood with fi^ 
cility. The tubules of the network of the cortex are winding i 
their course— t. c, they descend and partially return many I 
forming loops (2, D and E), called Henle'a loop-tubes. On nearing 
the papillae the tubes discharge into one another, their number be- 
coming smaller in the formation of the pyramids, finally passing 
in a straight line to the papillie. 

The function of the kidneys is to separate certain matters from 
the blood that would be injurious to the system if retained, 
urine, therefore, for the most part, consists of waste matters. Ita 
fluid and solid constituents bear no constant ratio to each other,^! 
the proportion of fluid present depending upon the amount ofT 
fluid taken with the ingesta, and on arterial capillary fullness and 
pressure; while the amount of solids contained depends on the kind 
of food taken and previous waste of tissues. The Malpighian 
bodies and uHniferous tubules are the most essential organs in the! 
kidneys for the performance of their function. 

Lymphatic capillaries are distributed throughout the parenchy 
ma of the kidneys. 

The nerve-fibres are derived from the renal plexus. They c 
impulses for sensory, Taso-motor, vaao-dilator, and for secreto 
functions. 

The Urine is a clear, amber-colored fluid, normally of an a(»ffi 
reaction; average speciflc gravity, 1020. Its composition is: — 

Water 950.00 

Urea 26.20 

Creatine 0.87 

- Sodium and potawitun urates 1.45 

Sodium and potastiiuiu h'ippnratea.... 0.70 

[.Mucus and coloring matt^ '0.3S 

Sodium bi phosphate 0.40 

Sodium and potBaaiiim phoHphates. . 
' Lime and m^neaiitm phoaptiateB . ., 

Sodium and polaasium chlorides 12.55 

Sodium and potassium sulphates 3.30 

lOOOXM 

The quantity of urine secreted daily is about 1400 cubic centi- 
metres (about 48 ounces), It is discharged from four to six times 
during that period. Should the secretion of urine become completely^ 
suppressed, the elements of urea remaining in the blood would s 
exert a poisonous effect, especially on the nervous system, 
usually, and speedily, results fatally. If at one time of the da] 
urine has a specific gravity of 1012, and at another 1C28, 
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Tarifttinn may be accounted for by the different kinds of food taken, 
and may be considered normal; but either 1012 or 1028, if long 
continued, would be an indication of abnormal conditions. 

Urea constitutes the characteristic and most important solid in- 
gredient of urine. It crystallizes in white, glistening, streaked, four- 
sided prisms; or, when very rapidly crystallized, it forms in small, 
white, silky needles (Fig. 68). Its taste is bitter, like that of salt- 
petre. Urea is an amide of carbonic acid; for urea, when added to 
Water and heated to 200° in a tightly closed tube, breaks up into 
carbonic acid and ammonia, Generally, some of the mucus of the 
Fig. 68. 




DiAORAH or APPEAHANCE Of IThEA WHEN CbYSTAMIIKD. 

Viladder is voided with the urine and acts as a ferment; so that in 

i lew days, at ordinary temperature, urine is rendered ammoniacal. 

rJk'he normal stimulus to micturate is the sensation excited by the 

action of the urine on the mucous membrane of the bladder. An 

impulse is forwarded through afferent (sensory) nerve-fibres in 

<;ommunication with the hypogaslric plexus to the nervous centre 

of micturition in the spinal cord at the fourth lumbar vertebra. 

This centre reflexes the impulse by sending an efferent (motor) 

impulse through nerve-fibres in communication with the sacral 

plexus to the sphincter vesicEc, which dilates, thus allowing the 

Xirine to flow out through the urethra. The power of the will exerted 

«>n this centre excites a similar reflex motor impulse to micturate; 

or the power of the will may restrain the reflex action, though for 

^ limited time only. The average amount of urine excreted by an 

adult in twenty- four hours contains about 33 grammes (500 grains) 

«f urea; and from about seven to ten grains of uric acid. An 

artificial urea may he obtained by the action of ammonia on ethyl 

carbonate; or by the action of ammonia on carbon oxydichhiride; 

also by the action of heat on ammonia carbamate and carbonate. 

"Urea forma approximately one-half of the enlire quantity of the 

solid (saline) ingredients of urine. The quantity of urea in the 

wrine depends upon the rapidity of tissue decomposition, espe- 
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place in the blood. Continued mental labor increaeea the alkaline 
phosphates, while the earthy phosphates are increased by nervoua 
diecaeea, the urine, having an acid reaction, holding the earthy 
phoBph£it«s, Buch as phosphates of lime and magnesium, in aolution. 
Fig. 69. 

^ Diagram of uric ocid cryetala. 

The Bladder is veil supplied with nerve-fibres, blood-Tessels, 
and lymphatics. The nerves are branches from the sacral plexus 
of the spine and hypogastric plexus of the sympathetic. 

Incontinence of Urine is often due to diminished sensitive- 
ness in the mucous membrane of the bladder or sphincter vesicte, 
and the urine is evacuated unconsciously. 

The Betention of Urine in old people is generally due to the 
hardening of the prostate gland, which presses upon the urethra. 
The efferent (motor) reSez impulses then have diminished power 
to dilate the sphincter vesicie. 

The general opinion is "that the kidneys in the early period of 
foetal life are very small and imperfect, their functions being per- 
iormed by the Wolffian bodies, two organs analogous to the 
iidneys in structure. These afterwards become atrophied and then 
disappear. The kidneys grow rapidly, making their first appear- 
ance just behind the Wolffian bodies, and take their place at the 
end of the second month of fcetal lite." It seems more likely, how- 
ever, that the Wolffian bodies noticed in early fcetal life develop 
into the suprarenal capsules. That these bodies ever performed 
the functions of the kidneys is rather problematical, as it has not 
been proven that the kidneys are active, any more than are the 
lungs or the intestines of the foetus. 

Disease of one or both kidneys may affect the body to such 
an extent that excrementitious matters accumulate in the blood, so 
contaminating it as to render it unfit to carry on the vital processes 
on which the activity of the brain depends. This results in deli- 
rium or unconsciousness. 

Oaring health the cells lining the urlniferous tubules contain 
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ns and lymphat) 
eenun of tbe blood exudes with tfae water and salts, ani] 
into the arine. 

Id acute infLammation of tbe kidneje {iwpArilu) there U a deep- ■ 
seated pain in tbe back, tn odc or both sidee, aggravated br presa-H 
an or eodden change of pontton. Tbe orine becomes scant]r,f 
hi^7 colored, albamiiMHis, or bloody; and, if allowed to stand, c 
poeitfl ptu and eediment. The patient is more or less feverish, g 
erally troubled with rigors, nausea, Tomiting, and conatipatioE 
In cbrotuc inflammatkHi the symptoms are milder. In both acute ' 
and chronic inflammation, the blood may be<M>nie contaminated, 
«9 in Briaht'd disease, from the want of proper purification by tha 
kidneys, when many secondary affections may arise. 

The Suprarenal Capsule is a small, fattened, glandular 
body of a yellowish color, weighing from one to two drachms, am 
belongs to the class of ductless glands. It consists of a corti- " 
cal and medullary substance^ with numerous blood-vessels and 
nerve*, and is located over the anterior and upper portion of each 
kidney. Dr. Addison, of Guy's hospital, London, first pointed oat« 
that a certain disease of thp suprtirenal capsule or capsules is a 
sociated with a deposition of pigment in the skin, which assui 
a deep bronze color. Addison's disease is sometimes termed tupra-^ 
renal mdaima, or bronse-skin disea^, and is characterized by gen- 
eral debility, loss of muscular power, remarkable weakness of the 
heart's action, extreme prostration, breathlessnees on the slightest 
exertion, dimness of sight, functional weakness and irritability of 
the stomach, a peculiar and uniform discoloration of the skin of a 
brownish olive-green hue — like that of a vivlalto. The morbid 
changes in the capsules are of a soft deposition, degenerating into 
a yellowish-white opaque matter, followed by abscess, or drying-up 
into a chalky mass. The only probable aid is nourishing food aniL 
tonics to keep up the general health. The progress of the diseat 
is slow, extending over a period of from one to about five yean 
Then death follows by heart failure, as if its natural stimulus, 
blood, had ceased to act. 
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The fully developed muscuUr tissues coneist of two diBtinct 
kinds of textures: 1, Striped fibre8; 2, non-«(ri^d fUjreg. Muscu- 
lar tissue composed of striped fibres is called striated musrlf.; that 
composed of non-striped fibres is called unstriated musde. Re- 
specting the function of these two kinds of muscle- tissue, no strict 
classification can be made. In general, however, it may be said that 
the striated muscles are those that perform functions pertaining to 
animal life, that they are under the control of the will (except 
the tnusuular structure of the cardiac orgian), and are capable of 
rapid movement involving the whole muscular organ; while the 
unstriated muscular tissues perform functions pertaining to organic 
(vegetative) life, are involuntary in their action, contract slowly, 
and principally affect the tissues in iheir own extent only. 

In the embryo, up to the third month, this difTerence of the fibres 
in the muscular tissue is not apparent, though it roust exist in a 
rudimentary way; for, under normal conditions, tissues do not 
change in organic structure. It is questionable if the change of car- 
tilage into bone can be regarded as a fundamental one. There is an 
increase in the quantity of tissue merely — the parts increasing in 
size and weight, though the increase does not involve a change in 
elementary composition. During development, the number of ele- 
mentary fibres is not increased from that which existed in the muscle 
tissue of the fffitus. Muscle tissue forms about 45 per cent of the 
entire mass of the adult body. 

The Striated Muscle consists of the following structures: — 
1, The Perimysium Externum, a connective-tissue envelope 
(faacia, aponeurosis) surrounding the muscle {1, Fig. 70). It sends 
partitions (septa) inward, supporting the nerves, lymphatics and 
blood-vessels, and then forming the perimysium internum. 2. The 
Perimysium Internum (2), a delicate connective-tissue envel- 
ope derived from the perimysium externum. It separates the mus- 
cular fa-cicuH, or bundles of muscular fibres (3), and sends parti- 
lions inward, which constitute the endomysium (4). 
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The Fasciculi (3) of a email muscle are as long a9 the muscU 
itself, while those of long, large muscles are from one to two inched 
in length. 3. The Endomysiam (4) coneistB of delicate ( 
nee tive- tissue, derived from the perimysium internum, and forms par^ 

Fig. 70. 




Diagram of transverse section of a striated muscle. 

1, PerimygiuiQ eKlernum. 2, Perimj-Hium interpam. 3. Fftscicn- 

lua. 4, GndomyBiuiD. 5, Saroolemnia, surroundint; the muncular 
fibres. 6, Muscular fibre. 7, Muaculnr flbre-cell. 8, Blood-vessel 
9, Nerve. 10, Lymphatic vessel. 

titions or septa extending inward and forms the sarcolemmffi. 
endomysium andsarcolemmie s^'parate ttie muscular fibres, (hey co] 
ry and support the capillary vessels and nerve-fihres within the fai 
eiculi of voluntary or striated muscle?. These muscles are c 
ed of a great number of fasciculi, each consisting ot many musuulu 
fibres running in parallel Hnee, and held together in bundles (faa 
mli) by the perimysium internum. The fibres of a fasciculus e 
not all of equal length. Their ends are generally atlaciied to adJA] 
cent 6hres by the enBheathing sarcolemiua (5), a strong, ac 
sive substance, which continues from each fibre as a tenilinooi 
gbrilla to the termination of the fasciculus, and thence to the e 
of the muscle, where the surcolemmie and endomysium blend t 
gether and merge with the perimysium externum, forming i 
tendon, which is attached to the periosteum of a bone. It i 
noticed that the larger nerves and vessels of a muscle uro situate 
between the perimysium externum and perimyriiim int« 
(8, Fig. 70), while the nerve-fibrillie (9) and capillary- 
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letwotkB (10) ran in the endomysium; i. «., externally to the ear- 
cotemma and muscular tihree, butwilhin the perimysiuni internum. 
The motor nerve-fibres enter the rauseular fibres (Fig. 37), but the 
ciipillary vessels do not. 4. The Sarcolemma (5) is a delicate, 
Btructure'.esH, transparent, and elastic envelope, Burrounding the mus- 
cular fibre, and holding it in proper shape. It sends tranHveree 
partitions (the membranes of Krauae) across the muscular fibre 
(2, at C, Fig. 71) at regular intervals, separating each space (1), 
which contains a nucleated cell (5). These cells not only niamtain 

Fig. 71. 




A, Four partlj isolated striped fibres. B, Thww isolated nnrtriped 
Bbres. each having a nucleated ccit. C, One Btripe<] fibre eloiiiiHted 
(in a state of repose), and its nucleated cells. D, The same striped 
fibre (C) contracted — shortene<l and thickened — as during activity. 

1, Disk, or divisioii, of a striped fibre as it appears under polanxed 
light. 2, A faint layer(Krause'stncmbrnrie), constituting the septum, 
or stria, between tliediskg. 3, A single refractive 8Ubstauce(HeiiMiTi'B 
disk). 4, Double refractive substance. 5, Nucleus within the cell. 

the function of nutrition and reparation ot the muscular fibre, but 
also during activity secrete from the hlood (in a way similar to that 
of glandular cells) the contractile substance (myosin) for the strice 
and sarcolemma. The contractile substance is dispersed more or 
leas throughout the muscular fibre, but the greater quantity is held 
in the sarcolemma and membranes of Krause (strim). Myonin is a 
nitrogeniied substance forming the chief constituent of muscles. 
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BTCTAgiog in the adult I 
l-60I>th to l-350th of an mrlt in diameter, and from one-fourth lo 
ooe-half of an inch in length. In rerr sborl mu»;le3, such as the 
otafwdios in tbe middte e*i, tbe fibres are as long as the muscle. 
The average distance between Kran^'s membranes (ttrix) is 
l-9«XHli id an inch, the extn-mes beinc l-I5ClOOth to l-6000tb, tc- 
oording to the extent of tbe contractioti or relaxation of the fibi 

Physiological It, the properties of tnaxits are fouriold: (1) ] 
tatulity; (2) Klasiicily; (3) Tonicity; (4) Contractility. 

Irritabili^ of a moeele i$ that inherent property by which i^ 
eells are bron^t into action through an impulse received frum] 
nerve, from the blood, from a sUmalo^ applied directly lo ifaem, I 
exciementitious matter retained in its tissue, or from tempra'atu] 
Krery moscalar fibre is supplied by a branch of a awtor nerre-fitn 
ending in the terminal plate (Fi*.37)so-«alIed: that is to say, o 
original ncrre-fibre may, thron«:h its many ramifications (2, Fig. 3 
supply many moscalar fihreis. The Dcrre-fibre enters the mu 
generally at a point near Us middle, at a place the !ea«t affecfd 
by its contraction. Of all the tissner of the bxiy, tbe superficial n 
eles and the skin are most abundantly supplied with nerves. Tbey 
run along; the outside of the sarc-jlemma of eacb'mufcalar fibre, 
ttiinjlar to the blood-Tc^^els: but a motor n«Te-fibre nlttmately 
penetrates tbe sarcotemma, \is axis -cylinder learing the nerve 
tibae-eheath and the wlute substance of Schwann, and terminating in 
the muscular fibre in a special expansion called tbe tenninnl plate 
(Fig. 37),or motorial end [date. Tbea^Mstrjr nerre- fibres terminate, 
not in the mi^eolar fibres, bat between tbem,in tbe ectdomynom 
and ^arcolemott. It is a peculiar fact that the power of an ia 
pulse conveyed tfarongh a m*t«r iterve-fibre. producing contr 
of a moscle, is largely determined by tbe length of the nerre-fifai 
It seema to be a general law of animal life that the strength ot a^ 
impulse through a motor nerve-fibre increases correspoDdingly with 
the length of tbe fibre. Uence, nervous ai:Uon5 on the muscles of 
tbe bands and feet are nwie powerful than on muscles icumpara- 
tive siie considered) nearer nervous centres. A further peculiarity 
of striated muscles is, that the more frequently they are c&lled 
into action, if that action be not too prolonged, the larger and mcae 
vigorous tbey become, as is evinced in all fbcms of jndiekMis exer- 
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ciM. This follows from the increased demand for oxygenated b'.ood 
and appropriate nourishmenl. The numlxT and size of tendinous 
fibres in connection with the mui^cular fibres also play an important 
part in the power of muscular action. An abnormal temperature 
of the body affects the property of irritability; it is either much 
increased or much lowered. Any interference with the reflexes to 
muscles, or with their nutrition, enfeebles or wholly destroys their 
irritability. Nothing so effectually impairs their nutrition as disuse, 
and nothing so completely destroys it as the division of the nerve 
(destroying transmission of reflexes) — involving also the loss of con- 
tractile power. If called into action, however, by massage, nr other 
Stimulating treatment during the period of the muscle's impairment, 
aod regular nutrition be continued, its irritability is retained. 

Muscular tissue is excitable independently of nervous influence; 
there may, therefore, lie loss of muscular excitability without 
loss of nervous excitability, and rice veraa. Curare paralyzes the 
»notor nerve ending* without affecting the contractile power of the 
anuscle. In curare poisoning, reflex impulses through the motor 
nerve-fibres have no effect on the muscle; still the inusr'e retains its 
excitability to stimulation applied directly to the muscle. Landoi^ 
states "that ammonia, carbolic acid, or lime water applied to 
"muscles pro<iucea movement, but not when applied to the nerves." 

Elasticity of a muscle is that inberent property by which its 
fibres and tissues are enabled to stretch and elongate, or shorten, to a 
certain extent, without injury. It moderates the effects of powerful, 
sudden stimulation, acting gradually, and preventing detachment at 
the points of origin and insertion. This is an important endowment, 
well illustrated in the extension and flexion of limbs. Normally, all 
fibres do not act simultaneously; for when some cease to contract, 
their extremities are acted on by the contractions of adjacent fibres. 
Tonicity of a muscle is that inherent quality of sensitiveness 
by which lis fibres and tissues become aroused to functional activ- 
ity in response to either direct or indirect stimulation. In health 
the tonicity of groups of muscles is eo adjusted as to constitute a 
mutual CJunt«rbalance. This counterbalance may l>e destroyed, 
however, by paralysis or impaired nutrition. The tonicity of one 
set of muscles is then weakened; as in lead-palsy, for instance, in 
which the extensors of the forearm and hand lose their natural 
strength, so that the contraction of the flexors lieeps the fingers con- 
etantly bent upon the palm. In health the tonicity of the flexors 
DBually exceeds that of the extensors — in profound sleep, for 
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example, when the influence of the will and the nervous system 
is lulled, the hands being partially closed. 

Contractility of a muscle is that inherent, characteristic prop; 
erty by which its fibres and tlBsues forcibly contract and short 
in a particular direction in response to the will, external irritatiot 
or stimulation; exhibiting itself in dual form, conlraclion and r 
flfion. It ia most inipreasively shown in the voluntary muscles amj 
heart, which, when in action, exhibit powerful contractions, allerc 
ting with relaxations. Striped fJires, as previously pointed nut, lorni I 
the greater mass of the quick-acting muscles, which are generally 
attached to bones by tendons. They are commonly controlled oy 
the will, and are, therefore, called voluntary muscles; though i 
altogether correctly so, as many of them— «. g., the heart; and aloqi 
the spine, neck, and middle ear — are beyond the will's ronti 
The sphincter muscles and diaphragm are composed of stripi 
fibres, The enclosing structure of cavities is supplied with lonn 
tudinal, circular, and oblique muscular fibres, which act simulti 
neously in contraction; e. f., those of the heart, blood-vessell 
lymphatics, stomach, gall-bladder, intestines, uterus, Pallopii 
lubes, urinary bladder and ureters. In all cases where muscular o 
traction takes place, some other tissue is moved, or tends to mc 

The contractile movemeut of the striped fibre is wonderful^ 
rapid, occurring at the instant of stimulation. The motor n 
of the muscular system are derived from the cerebri- epinivl syste 
The power of contractility is made possible, principally, by the pres- 
ence of the nitrogenized compound myosin, a semifiuid substance 
contained in the strije of the muscular fibres and in the 9arcolemm«_ 
surrounding these fibres. Muscular contractions occur alternate 
in the fasciculi, passing along the fibres within the fasciculi frc 
the point of stimulation, in a wave traveling from 6 to 16 M 
per second. The velocity corresponds to the state of vital activin 
and of temperature. When vital activity is very low, stimulatiQ 
causes only a local contraction and slight elevation at the point q 
contact. Stimulation to muscular contraction takes plac 
of two ways; ( 1 ) By the application of the stimulus to motor nerv« 
termed indirect stimulaiion; (2) to the muscular tissue itself, teria 
ed direct stimulation. When muscles are active, the ve.'sels dilate, 
more blood and nutrition are supplied, and more carbonic acid ele- 
ments are formed and gas given off at the organs of exit. If excoss- 
ively stimulated for a time the cells of muscles become exhausta 
(as in glandular secreting cells); lose, therefore, of contraot| 
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enhstance follows. Muscles are extremely vascular. The capillary 
arWriee, veins, and lymphatics run within the endomysium (4, 
Fig. 70). They are distributed in the cndomysiura (outside of the 
sarcolemma), in lineg nearly parallel with the muscular tibres, but 
do not enter the fibres. The nutriment {pabuluvi) required for the 
maintenance and growth of these flbrei is drawn by absorption 
throagh endosmotic imbibition from the network of capillary ves- 
eels, through the sarcolemma. The excrementitinus substances are 
drawn by the ab-orbent vessels through exosinotic absorption from 
the iDUacular fibres, too, through the sarcolemma. The power of 
imbibition of nutrient matter and absorption of excroltiry matter 
is increised during contractile activity. The supply of blood is not 
only required for the nutrition of the muscular tissue, but also 
affords the oxygenous condition requisite for its action. That blood 
may exercise its salutary influence it must be artcrialized. The 
muscles soon lose their contractile power if the arterial blood supply 
has been suspended, either by cessation of circulation or want of 
proper aeration. 

The activity of the muscular structure (striped fibres) of the heart, 
being necessarily constant, rejiamUnn. must take place part passu 
with its waste; during health no sense of fatigue is experienced in 
the heart. In other striated muscles, under the control of the will, 
reparation is not so rapid, and iheir prolonged exertion induces 
impairment and fatigue, attributable to defective nutrition. In 
ihia case prolonged rest is rendered essential to recovery. Sodium 
chloride and the potassium salts are especially necessary for the 
normal nutrition of muscles. If these salts are withheld for some 
time, the muscles atrophy, and the central nervous system and the 
digestive apparatus become disturbed. Of all saline solutions, 
chloride of sodium is the most necessary; again, of all the salts, it 
injures the nervous and muscle tissues the least. 

The muscular tissue, t. e., its contractile substance, tires out sooner 
than its nerve terminals. In paralysis of the muscle, its nutrition 
becomes defective and the viyosiji. measurably disappears; the 
muscle loses ite contractile power correspondingly. By massage the 
flow of blood and lymph is facilitated, nutrition favored, and wast« 
products in fatigued and weakened muscles are removed. During 
muscular fatigue, an increase of decomposition of matter in the 
muscle takes place. By local absorption of nutrition, or by pass- 
ing through the blood of the muscle a weak solution (6 to 8 per 
cent) of chloride or carbonate of sodium, or a constant electrical 
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faM«« as the fcffatji <f — OTtar tiM c. Tbeaciditjisneatral- 
omI br tlw alkalmty ff tb* Uoad, icmlting in mrtwDic acid 
^HtmtmtK, ithiA are canied Bwar inm the Huscttlar lisea^ bjr t 
eflmnt T<3wfe lo tbe nrpau vl exit. The qoaatity of carbonic acid 
devMBts evolved it tar pvaicr doiin* phreical activitT than durioi 
the prwxs? vi mttiwlar natmioei eimplT-. It is removed from thqj 
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ic«l wttiibiualions within the riul animal economy — are properly 
tUvidod into two kinds: One, termed anaMifm, implies an upward 
wriw of chemical romlunations, by which the latent energies of inei 
(wd are iranafomied into the liring energy of the protoplasm t 
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the bodily tissnes. The other, termed katabolism, involvea a down- 
ward series of changes in the ^-ilal economy, by which the living 
liasuea are partly broken up and the waete matter is set free. As 
{irotoplasm itself undergoes changes according to the pahiilum sup- 
plied, 30 it modifies the tissues accordingly. The form and function 
of protoplasm, therefore, are the effects of certain canaep. Again, 
living matter (protoplasm) acta upon, and is powerfully acted upon 
by, the matter surrounding it. The food entering the body holds 
energy in latent form (chemically speaking), and supplies the 
materia) for physical action. By manifold transformations and 
chemical changes, the food materials are changed into true tissue 
pnfmliiri, lirst exhibiting energy as heat only. It finally becomes 
n part of the living cell-substance — i. e., protoplasvi — and is then 
enabled to give forth energy that may be utilised in nervous and 
muscular action. It is through the process of nutrition that the 
various parts maintain the same general conditions of form, size, 
and composition that they attained by growth and development. 
In healtli an adult maintains for a number of years nearly the 
same features, weight, and size, although simultaneously the tissues 
continually undergo decay and renovation. Prolonged mental exer- 
tion is oflen followed by an increased amount of alkaline phos- 
phates, found in the urine, arising from the increased destruction 
of the cell-tissiiea of the brain; yet the brain substance does not 
diminish, owing to the active reparative processes at work. The 
same is true of the mn^icular cell-tissue; an increased amount of 
exercise is directly fo!lowe.l by an increased excretion of the ordi- 
nary products of the decomposition of cells and of nitrogenous 
tissues, assimilation of pabulum at the same time restoring the 
wasted tissue. 

Muscular activity increases heat, extended muscular contractions 
evolving more heat than limited ones. When we ascend a flight 
i;f stairs two steps at a time more heat and fatigue ensue than when 
we aK«nd the same flight leisurely, one step at a time. The trans- 
formation of physical energy within the body takes place chiefly 
in the muscular tissues and in the secreting glandf. 

The XTuBtrlped or Involuntary Muscular Fibres con- 
sist of a series of longitudinal or cylindriform tilamcnti;!, somewhat 
granular, pale, and flattened, from about l-300th to l-UXHh of an 
inch long, and from about l-3000th to l-1500th of an inch in thick- 
nwe, and pointed at their extremities (B, Fig. 71). These fibres 
ue usaaily marked at intervals by one or two minute elongated 
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cells containing nuclei with nucleoli. The cells are from about 
l-500th to l-200th of an inch long, and from l-5000th to l-25O0th 
of an inch broad. Nerve- fibriilie are in connection with these cells, 
and run longitudinally with the unatripcd fibres. The impulse 
through the nerve-flbre to the cell induces the contraction of the 
earcolemma. As the unstriped muscular fibres are differently con- 
structed frnm the striped, their stimulation, contraction and time of 
action differ from them also. During contraction the muscular 
fibres become shorter and thicker. The tonicity of unstriped fibres 
exerts a slow, prolonged contractile movement; more so than thi 
of striped fibres. Generally, unstriped fibres, unlike the stri; 
have no fixed points of attachment; but form cjintinuous invest- 
ments around cavitiea within the body, as in the intestinal canal, 
bladder, uterus, and blood-vessels; or are dispersed through the 
substance of tissues, as in the cutis of the akin, to which they impart 
a contractile property. In the walls ot capillary vessels these 
muscular fibres lie in single layers, and are, as it were, conaoli- 
d iited; the end of one being joined to the body of the other. In 
other situations, as in the walla of the intestines, stomach, or blad- 
der, they exist in double and triple longitudinal, obiique, and 
transverse layers. Unstriped fibres contract very slowly, requiring 
a longer time than the striped for the nerve influence to take effect 
BO that an interval exists between the instant of stimulation and 
that of contraction. Such muscular fibres are generally foimd in 
internal organs, where gradual and lasting contraclions are requir-i 
ed. Their nerve supply emanates generally from the sympathi 
system, and they are, therefore, uncontrolled by the will. Thow 
of the alimentary canal are prompted to action more readily by 
direct alimenlal stimulus than in any other way. Weak solutions 
of mineral salts, bile, glycerine, and salts of iron, also stimulala 
them. The striped fibres of muscles, on the other hand, are tc 
readily called into action by etimulua through the nerves of 
cerebro-spinal system. 
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CHAPTER XXVI. 

REPRODUCTION. 

Eeprodaetion of animal life is accomplished by one of three 
proces.=es — fiBsion, gemmation, or fecundation. 

Fission (dividin'; or splitting) is the reproduction of an organ- 
ism by its division into two partii, each part possessing potentially 
all the functional powers of the parent, 

Qemmatioii, or budding, is where an organism originates by a 
bud arising from some part of the parent structure, the pedicle or 
stem of the bud gradually disappearing, when, being liberated, the 
new organism assumes a perfected form, closely resembling that 
of the parent. 

Fecundation is reproluction resulting from the impregnation 
of an egg (ovum), requiring in its accomplishment two individ- 
uals of the same species but of opposite sex— the male furnishing 
the sperm-cell (spermatozoon), and the female the ovum, contain- 
ing the germ-cell. 

Propagation by fission and gemmation occurs in well-marked 
forms among the lower orders of animal life only. Amceba and 
some varieties of infusoria present good illustrations of reproduc- 
tion by division (or fission) ; other varieties of infusoria, and polyps, 
are examples of reproduction by gemmation. 

Reproduction distinguishes in a striking manner organized liv- 
ing beings from unorganized, inert bodies. Reproductive cells go 
through a series of developmental changes, which do not interfere 
materially with the general life of the parent organism. If the 
fertilized ovum of any species be deposited where the special con- 
ditions favoring its development are present it acquires maturity; 
other wife not. 

The Uterus, or womb, of the human female is a pear-shaped 
organ (Fig. 72; and a. Fig. 73), situated in the pelvis between the 
bladder, and the rectum. It is divided into three parts, a fundus, 
body, and neck (cervix); the neck being about half as long as the 
body, but narrower. The uterus is composed principally of three 
kinds of tissue layers; externally, of a serous (5, Fig. 72); inter- 
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Dally, of a mucouB (7); and intermediately, of a thick fibro- 
muscular coat (fj and 0). 

Up to about Ihe fourteenth year, or time of puiierty, the utema 
is email. At this time, however, it increases in weight to about an 
ounce and a-lialf, and In length to about two and a half inihee. 



Fig. 72. 




Diagram of the uterus, 
1. CnviCy of ihe uUtus. 2, Cav- 
ity ot the neck (cervix) o( the uter- 
us. 3, Oe inttrnum. 4, Oh exler- 
niun, or mouth of the womb. 5, 5, 
Serous \v.\'vt. B, B, 6, Fibro-muB- 
cular layer. 7, 1 
8, Fundus of the 



Its internal cavity is constricted 
just below the midd e, forming the 
Of inUrnum (S), this mstrking the di- 
viding line Vjetween the cervix and 
thcbody. Theorifice(4)nltlielower 
part of the cervix is termed the 
OK rxUriium, or mouth of the womb. 
The cervix projects partly into the 
vagina (10). The dome (8), or up- 
per p irt of the ut*rUB, is called the 
J'uuilug. At its junction with the body 
the Faltopia ii tvbts (11,11) enter. The 
ovarian and rnum/ ligaments (p, k. 
Fig. 73) lie iml»dded in the broad 
ligtrnwiit (<?), which is a sero-mem- 
branous structure on each side, serv- 
ing to hold the uterus in position.J 
The muscular wall of the uterus UM 
about half an inch in thickncisa, tb« || 
walls being separated internally 
from side to side by a triangular 
cavity (1, Fig. 72), In antero- 

, posterior section, however, this cft»»J 

Mucoua layer. * a 

9 9 Neck '^J appears as a narrow silt Iiaa^ 



of the uteraa. 10, Vagina. 11, 
Fallopian tubes, 12, Briatle r 
through the channel of one Fallo- 
pian lube. 13, Fertilised ovum. 
14, Membrann decidua. 



viih mucous membrane (7), wblofl 
1 constitutes nearly one-fourth of t 
■ entire thickness of the uterine v 
and is firmly adherent to its mtll 
cular structure (6). Whenever t 
uterus contracts normally its mucous membrane is thrown int^ 
numerous folds. The membrane is pale-red in color, and still palfl) 
and much thinner, in the cervix. At the os externum the mem 
brane is very thin, especially in the virgin- Its surface is linaj 
with columnar epithelial ceils, which during pregnancy becon 
changed to the pavement variety. It also contains numerous oi^ 
fices of the su-called glandular foUiclea of Nabolh , the length i 
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*ich is proportionate to the thickness of the membrane. Their 
walls are lined with ovoid epithelial cells. The follicles furnish 
an increased secretory surface, and their function is to secrete an 
alkaline substance. They sometimeg close up and become swollen 
with their secretion, and the swelling may be mistaken for ova or a 
fcelas. Such enlarged follicles are termed ovula of Nabotb, or hydaliiSg. 
They appear as yellowish vesicles of various sizes, especially in the 
mucous coat of the cervix uteri (2, Ftg.72) where the glfindulxfollkuH 
Nabotht, about 10,000 in number, lubricate the parts, during deliv- 
Fig. 73. 




Diagram of the ut«rus and its appendages. 
a, Utenis, b. Os uteri, c, Neck of the uterus, d, Fundiifl of the 
nlerug, l>. e, Brood tlgnment. f, Ovary within the broaj ligament, 
g, IndicHling Clie margin wlicre one-half of the brood ligament is cut 
off. \\, h. Roinid ligamente. i. Ovarj*, the broad ligam«-nt being re- 
moved, j, j, FollopiuD tubes, or oviductH. k, k. Fimbriated extrom- 
itiM n( Llie Fallopian tubes. 1, Vagina, m, Fringe-tube connecting 
the QVary with the Fallopian tube, or oviduct, p, Ovarian ligament. 

Pry, with an nlknline secretion. In morbid conditions, this secre- 
tion is often increased and of acid reaction. The entire uterus is 
well supplied with lymphatic and cupilJary blood vessels, very dis- 
tinct around the follicular orihces, especially when the uterus is 
fxdted to functional jictivity, as during the menstrual period. 

The Fallopian Tube, or Oviduct (one on each side of the 
uteroB, ll,FiK. 72: and j, Fig. 7.^), through which the ovum passes 
from the ovary (i) to the uterus, is situated at the upper part of the 
broad ligament. lis canal at the uterine end is so small as to 
b&nly admit the passing of a bristle through it (12, Fig. 72). It 
enlarges towards its outer extremity, which is trumpet-shaped, and 
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from lis fringed appearance is termed the fimbriaUd extremity {kfVig, 
73). Wilson says: "The remarkable manner in which this circu- 
lar fimbriated extremity applies itself to the surface of the ovary 
(luring sexual excitiment, haa gained for it the additional title of 
vwrsits dinboli." Each Fallopian tube is about four inches long, 
and is lined internally with mucous membrane and ciliated epitbt 
Hal cellt', the direction of the vibrations of the ciHie being towanj 
the cavity of the uterus. One of its fringed processes (m) forma 
connecting passage-way leading from the outer end of the uvatjf- 
(t) to the Fallopian tube. A short ligamentous cord procoedit 
from the fimbriated extremity, attached to the distal end of tlu 
ovary, and serves to guide the tube in its seizure of .hat organ. 

The Sound Ligament {h) (one oil each side of the uterua)j 
formed of fibrous and unstriped muscular tissues, extends from th^ 
side of the fundus of the uterus through the hroad ligament, to tlu 
labia majora, and corresponds lo the spermatic cord in the mal 
In the fcetus and young female the canal through which the roan 
ligament passes is called the canal of Nuck. In the adult th 
canal is generally obliterated, though it sometimes remains opci 
affording a chance for the abnormal descent of an ovum, or it ma 
become the seat of a hernia. 

The great serous membrane investing the abdominal viscei 
passes over the upper part of the bladder and downward bctwee 
it and the uterus, to a point midway between the o» externum an 
the 08 ivternum, thence upward (6, Fig. 72) over the fundus of tb 
uterus, then downward (5) behind the vaginal fornix where ita dij 
forms the pouch of Douglas. Thus the peritoneum forms a cap, 
it were, embracing the whole of the superior portion of the uterus ^ 
antero-posteriorly. From the sides of the uterus to the inguinal 
region the peritoneum lies doubled, forming the broad ligaments. 

The Broad Iiigament {e, e, Fig. 73), as previously stated, con- 
sists of two layers of the peritoneum, which encloses the Fallopian 
tube, ovary, and ovarian and round ligaments, besides holding in 
its meshes numerous muscular fibres. These fibres, by tlieir con- 
traction, exercise an important physiological function in bringing 
all the structures into harmonious action. The broad ligaments 
hold the uterus in position in the centi^r of the pelvic cavity, and 
admit of considerable antero-posterior movement of the aterua, 
accommodate the distension of the bladder and the rectum. 

Blood Supply.— The two nterioe arteries are derived 
internal iliacs, and pass to the sides of the neck of tb 



Tliey are very tortaoua in their course, admitting of great uterine 
distension during pregnancy without diminution of calibre. They 
supply blood to the uterus and give off branches thai pass between 
tlie layers of the broad ligament to the bladder. The two nvnrian 
(fpermatic) arteries arise from the front of the descending aorta 
just below the renal arteries, They, too, pass between the folds of 
the broad ligament, supplying the ovaries and Fallopian lubes, and 
a Binall branch anastomoses with the uterine artery. The veins 
accompany the arteries. 

Nerves. — The uterine nerves are derived from the interior hy- 
pogastric plexus situated at the side of the rectum, vagina, and 
bladder. The plexus are partly formed by fibres from the second, 
third, and fourth sacral nerve*. The nerves accompany the ulerino 
arteries, supplying the uterus and Fallopian tubes. The ovarian 
nerves emanate from the spermatic plexus, and supply the ovaries 
and the broad and round ligaments. 

The Lymphatics are large and numerous, especially in the im- 
pregnated uterus, and communit-ate with the pelvic and lumbar 
lymphatic glands. Thrombosis of these vessels, e>pecially during 
child-birth, interferes with the removal of decomposed matter, giv- 
ing rise thereby to puerperal fever. 

The Ovary (i, Fig. 73} in the female is analogous to the testicle 
in the male. The former produces the germ-cell; the latter, the 
sperm-cell, or spermatozoon, for futu-e offspring. The ovary (one 
on each side of the uterus) is imbedded in the broad ligament pos- 
teriorly, and has a special white fibrous tissue covering, termed tu- 
nica athuiiinca ovaHi (1, Fig. 74). The inner extremity of the 
ovary is connected with the uterus by the ovarian ligament (p, Fig_ 
73); its outer, with the fimbriated process (m) of the Fallopian 
tube. In appearance the ovary is white, smooth, and plump, about 
one and a-half inches long, three-fourths of an inch wide, and halt 
an inch thiclt. Its weight is from one to two drachms. It consists 
of un?triped muscular fibres, interlaced with connective tissue, 
blood-vessels (8, Fig. 74), lymphatics, nerves (9), and, scattered 
throughout its mass, from 15,000 to 25,000 small, round, transpar- 
ent sacs of various cizes and stages of development termed Graaf- 
ian VMtctes, to which some apply the term ovinacs, imbedded in the 
ovarian stroma and containing a clear, colorless, albuminous fluid. 
Each vesicle also contains an ovum, or vesicle of Bacr (6, 6). The 
mejoltrana gTantilosa lies between the Graafian vesicle (2) and the 
lona pellucida (3), and consists of nucleated cells. Each Graafian 
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Diagram of an ovary. 
1, Tunicji albuginea ovarii. 2, Graftf- 



veeicle has a minute follicular duct terminating at th« surface 
of the ovary. The majority of ova in the ovary remain bo mi- 
Fig. 74. nutely small (7, Fig. 74) that a 
female of eighteen may havi- 
from 30,000 to 60,000 in both 
ovaries. Before puberty a large 
ovum is about l-500th of an 
inch in diameter, and is to all 
appearances a cell; its lona 
pellucidft, or vitelline mem- 
brane (3), being it« wall; the 
vitclluB (5), its cell contents; 

J- .. the terminal vesicle (41. its 
lan vesicle, or ovisac, surrouDding the " ' '» '^ 

ovum. 3, Zona pellueida, or vitelline nucleus; and the germinal spot, 
memhraiie, 4, Ueroiiual vesicle con- its nucleolus. The diameter of 
taining the germinal spot. 5, Yelk of a mature ovum {2 to 5), is 
altout l-120th of an inch; iu 

J ..., - ..- . ""«»'- germinal vesicle (esTK-cell. nu- 

readymaiureCS}. i , Mmute ova (unde- ^ * o^ ■-"'"t "" 

veloped). 8. Blood-veaselB. g. Nerves. c'«"S- O"" vesicle of Purkinje), 

10, CorpiiB luleiim, or ruptured spot about I-720th of an inch, aur- 

of a (jraatian veaicle, after liberating rounded bv a delicate mem- 

the ovum. II. Oella lining the inter- hrane; and the germinal spot, 

I t^igl^wT* "''''^^ '® *'*°"^ l-4000th of an 
inch. 
Ornlation. — From an e.irly pericxi in foetal life, when the ova 

form in the ovary, they grow by increase of the yelk surrounding 
the germinal vesicle (4). Each ovum is finally inclosed by a mem- 
brane termed the zona pellueida (3), situated within a small sac 
termed Graafian vrsirle (2). The maturation and discharge of 
an ovum takes place in the human female, generally every twentv 
eight days, and is normally associated with menstruation, and 
constitutes the phenomenon of ovulation. Not only the Graafian 
vesicle, but all parts of the internal generative system partici- 
pate in this periodical maniteatalion. The enlargement of the 
Graafian vesicle, with its contained fluid and ovum, is due to 
increased blood vascularity, which goes on until the vesicle rup- 
tures. This generally taking place at the menstrual periods, 
though during sexual excitement the j/iorsw* diaboU may prema- 
turely induce a rupture and liberate an ovum from the ovary. 
At the time the ovum escapes from the ripe Graafian vesicle the 
germinal vesicle .ind germinal spot move towards the periphery of 
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the yeik nearest the point of rupture, ihe germinal spot plaring 
itself in a position favorable to a visit from the spermatozoon. The 
bursting of the Graafian vesicle takes place at the tunica albu- 
ginea (1, Fig. 74), bo that the ovum is received by the oviduct (ni, 
Fig. 73), and passes through the Fallopian tube into the ut«rus. 
Previous to the time of rupture, the internal layer {3, Fig. 74) of 
Jh« Graafian vesicle becomee yellow and waxy by the aggrega- 
,9l minute oil-globules on its surface. After the rupture the 
appearance becomes more di§tinct by direct exposure of the 
layer (3); hence the name corpus luleum (10) applied to the 
laceration or scar resulting. This name applies generally to all cor- 
pora lutea, whether impregnation has taken place or not. The fol- 
lowing distinction, however, is observed: When impregnation of 
the ovum does not take place the congestion of the Uterus, ovaries, 
and neighboring parts disappears, the place of rupture of the 
Graafian vesicle shrivels, contracts, heals rapidly (witRin two or 
three weeks), becomes absorbed, and the spot of rupture and its 
yellowness is scarcely discernible; it is then termed /r(f«e corpus Itt- 
teum. If, however, pregnancy occurs, then the functional activity 
of the ut«rus excites an increased atHux of blood to the ovaries 
and neighboring parts as well as to itself; hence, they remain more 
or less congested. The healing of the rupture is thus prevented, 
the edges of the laceration degenerate, and the ruptured spot be- 
comes larger, and is supposed not to heal until after delivery. Such 
a scar on the ovary is termed the true corpus luteum ( 10, Fig, 74). It 
19 believed to be the subsequent course which determines the corpus 
luleum of pregnancy — it is more fully developed and of longer 
duration, harder, larger, and at a later stage has a distinct white 
covering with a large stellated cicatrix. Congestion of the ovary 
and neighboring parts may continue, however, for some time att«t 
a catamental ovulation, without impregnation, the healing being 
prevented and the scar remaining large. Hence, the existence of 
a large corpus luteum on the ovary affords no i-vidence whatever 
of intercourse having taken place. On the other hand, its absence 
would not warrant the bohef that conception had never taken 
place. The terms truf. and false corpora lutea are, therefore, not 
Gtriclly definite, and may lead to serious mistakes in a medico- 
legal sense. The discovery of a fertiliied ovum (embryo), and 
its development in the female generative organ, is perhaps the only 
positive proof of conception. ( Vide Moles and Hydatids.) 
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The Testicle (T, Fig. 75) is a glandular structure, consiating of 
about 400 lobuleg— iofewit tcBtis (C). These lobules are composed 
luted tubes, lined with cells termed vtaicla of 
- croiftd'on, forming groups of four lo 

Bii; and from the nuclei of tbtse 
vesicles, or cells, the gpermatozoa 
are developed, constituting the ac- 
S tive generative element of semen. 
The tunica albuginea testis (A) 
Bends out fibrous septa between the 
lobuli testis, thereby separate them. 
Spermatozoa (S, Fig. 75). — At 
and aft«r the age of puberty the 
testes of the male secrete a fluid 
termed semen, which is a glutinous, 
whitish substance, with a peculiar 
odor, containing minute elongated 
bodies, the spermatozoa (S), which 
are thread-like bodies, each about 
50 micromillimetres long, with a 
pear-shaped head (1), rod-like mid- 
dle part (2), and ciliated caudal 
prolongation (3), During sexual 
excitement some of the cells within 
the lobuli testis (C) burst, setting 
atituting the globue major epidid- the spermatozoa free into the se- 
ymie. H, Body of the epididymis, minal fluid secreted by the organs 

I, Globus minor epididymis. J, ci r" u i v tc j j- u i 

J , - ,_ ,, ', h, u, H, 1, tig. 75, and discharged 

Vas deferena. K, Vas aberrane. i ' > ' & > 6 

P, Rete testis, forming a layer in- ^Y ^'^^ vas deferens (J) through 
teraperaed with capillaries of the the male organ of coition into the 
spermatic artery between B and vagina of the female. The sper- 
tbe internal portion of the tunica m^tozoa are capable of move- 
° " mcnta upward in the vagina and 

uterus — no doubt due not only to their own propelling power, 
but also favored by the peristaltic action of muscular fibres in the 
mucous membrane of the vagina, uterus, and Fallopian tubes. 
The extent of their movement is from 0.05 to 0.5 of a micromilli metre- 
per fecond during several days. When spermatozoa are absenu 
from seminal fluid, as in debility, or old age, impregnation 
impossible. It is their absence from the semen that causes hybri' 
to be sterile. 



Diagram of the testicle and 

its ducts (T), and two 

spermatozoa (S). 

A, A, Tunica albuginea testis. 

B, Mediastinum t«Htia. C, Lobuli 

testis. D, B, Vasa recta. F, V'asa 

efferentift. G, Coni vaaeiiloai, con- 
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Fecundation is the fertiliiation of the ovum by the pperma- 
tozoa of the eemen. Up to the third month of gestation the ovum 
is termed the embryo, after that the falun. At the time of sexual 
excitement the erectile tissue of the male organ is acted upon reflexly 
through the nervous centre situated in the lower portion of the 
epinal cord, culminating in orgasm and erection of the muscular 
fibres of the male sexual organ, through which the semen is directly 
«jaculated by the contraction of the fibres of the vas deferens (J, 
Fig. 75). The contraetion of the fibro-muscular tissue surrounding 
the prostate gland and the urethra at the neck of the bladder pre- 



Fig. 76. 



Diagn 




3 of an impregnated 
ovum. 
A, Zona pellucida,or vitelliDcmem 
brane. b, Yelk, c, Germinal vesiele. 



vents regurgitation towards the 
bladder. Thus, during the act of 
coition, the nemen passes into the 
vagina at or near the os uteri 
externum. The discharge of se- 
men into or near the os is not 
absolutely necessary to impreg- 
nation, however, as there are 
cases on record where the sem- 
inal fluid came in contact with 
the pudendum simply, the hy- 
men being intact; yettheaperm- 



d.Ge^inal Bjit. ' e, Space left by '^^^'^^ "^^^^ their way inward 
retraction of the yelk from the vitel- to the ovum and fertilization 
line membrane. I, Layer of cells followed. 

that remained from the tunica gran- Xmpr eg nation. — The meet- 
nloea which encircled the ovum in j^g i^^.^ „( ^^e spermatozoon 
the Graafian vesicle ; (a and (, greatly , ■■ i . .v 

1 . *™ .u -, 11- and ovum IS generally about the 

enlorgeu. form the vitelline mem- " ■' 

brane. k.Uerm-mass. ni,m,Germ- middle of the Fallopian tube (j, 
inal membrane, a portion only being Fig, 73). As a rule, impregna- 
indicated. tion occurs within a week after 

menstruation, but it may take 
place earlier or later ( Vide morsus dinboli). The zona pellucida, or 
covering (3, Fig. 74; and a, Fig. 76) of the ovum, is a delicate struc- 
ture. Some believe that it has several fissures, through which 
ihe caudal portion of the spermatozoon enters and thus fecundates 
the ovum. It has been surmized also (as white blood-corpu-^clet-, 
under certain circumstances, penetrate the walls of blood-vessela 
and may be transformed into pus cells) that in the ca=e of impreg- 
nation it be possible that the caudal end of the spermatozoon actu- 
ally eSecUi the entrance through the delicate zona pellucida of an 
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unfissured ovum. As soon as impregnated, the germinal vesicle of 
the ovum changes into an embryonic cell, while yet in the Fallo- 
pian tube, and the yelk becomes cloudy and indiatinguishable. 
The first step in embryonic development is the Begmentation or 
cleavage of the ovum, though still enveloped in its zona pellucida. 
The transformations in the germ-cell are 6o rapid that by the time 
the ovum arrives at the uterine cavity the entire yelk is changed 
into a germ-mass, which becomes flattened against a segment of the 
internal surface of the zona pellucida, as indicated at k, Fig. 76. 
The aggregation of the germ-mass forms the area germinattva, which 
soon exhibits throe different classes of cells, each class forming a 
separate layer; the three layers constituting a single membrane. 
Now, this membranous formation (as indicated at m, m, Fig. 76) is 
termed the blmtoderm, or germinal vumbrane. Its external pellicle 
(ectoderm) is the eerous layer; the internal layer (entoderm), the « 

mucoas; and the intermediate, or middle layer (mesoderm), the ^H 
vascular. The entire embryonic struclure now continues to develop ^^ 
from this blastoderm, or germinal membrane, as follows: — ^H 

THE BLASTODERM, OR GERMINAL MEMBRANE. 

From this membrane originate the Ectoderm, Mesoderm, and -C 
Entoderm. 

The Sctoderm (ectoblast, or epiblast) is the external germ- 

layer, cell-wall, or yelk -membrane. From it are derived the nerv- — 

ous system, dermal and epidermal tissues, voluntary motor appa- 

ratuB (including muscles and bones), eyes, ears, nose, mouth, and -^ 
anus. The mouth and anus are formed by depressions into the ^^' 
entoderm. 

The Mesodflrin (mesohlast) is the middle germ-layer. From -^^ 
it are derived the involuntary motor apparatus, alimentary canal, ^-^ 
heart, lungs, lymphatics and blood-vessels, vascular glands, secre- — ^ 
tory, excretory, and generative organs. 

The Siitoderm (endoderm, or hypoblast) is the internal germ* —~-^ 

layer. From this layer are derived the epithelial lining of the ali- ■ 

mentary canal, air-passages, and ducts of secreting glands, and the ^^^ ' 
endothelium of the walls of serous cavities. 

These three principal layers are intimately connected, so that.;^"-* 
cells of each class of tissues remain associated with others, more of-^"' 
less, to keep up during growth the connection necessary betweea.^i^^*' 

the great nervous centres and the tissues of the body. It is believ " " 

«d that during the early days of the embryo the cells of tlie centrai^^ 
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poitkms of thene layers gradually separate by rapid growth, yet 
retaining sufficient the intimate relation of the different apparatae 
and eysteme, euch a^ the nervous, muscular, vaecular, and other 
tieenes of the body. 

The ovum is lodged at the mucoue membrane in the uterine cavity . 
(13, Fig. 72), the most extraordinary activity of its cells soon at- 
tracting surrounding epithelial and other cells of the uterine mucous 
membrane, when the mfmbrana deritUtn is developed. 

The Oecidua ( 14, Fig. 72) originate}) from the mucouo membrane 
of the uterus, which become:- thickened, highly vascular, and soft- 
ened, forming the special envelope (rtecidua) tor the impregnated 
ovum. The part of this envelope lying on the muscular wall of 
the uterus is termed the ilrci'lwi rrra. The folds of the decidna 
which grow over (next to) the ovum, are termed the deHdaa refiexa. 
The part of the decidua vera which takes part in the formation 
of the placenta is termed the decidua eiriilina. The decidua done 
not grow nor extend to the external mouth (only tt> the internal os) 
of the uterus, as the neck (2) become? closed by a plug of muctut. 
The CboriOQ is a thin, transparent membrane, surrounding the 
fcetus and amnion. It is formed from the vitelline membrane of 
the ovum, and becomes covered with villi. It is comjKised of two 
layers — an external vascular serous layer, or false amnion, and 
an internal fibrous layer termed allantrng — which project from the 
middle and internal germinal layer, and if continuous with the m- 
testtnal cavity of the embryo. Afterwards, out of the lower por- 
tion of the allantois is formed the bladder cf the fcetus, and its 
upper layer furnishes a vascular membrane, which, with Forae of 
the large villi of the chorion, penetrate the decidua Berotin:i, unit- 
ing it and the chorion firmly together, forming thereby the 
Placenta. Thus the combined maternal and fcetal circulation is 
established, the villous portion remaining with the fcetus and the 
decidna serntina with the uterus of the mother {7, Fig. 7S). The 
pUcenta is of threefold importance — it is the organ, or channel, 
throagh which the circulation, nutrition, and excretion, of the fcetus 
are accomplished. At birth, by the ligation of the umbilical cord, 
the hiemoglobin in the ligatcd vessels is converted into bilirubin, 
producing jaundice in the new-born infant for the first few days. 
Bxtra-uteri&e Pregnancy.— Normally, the uterus is the re- 
ceptacle in which the new individual develops. The embryo may, 
however, form in the Fallopian tube 0, P'F- 73) or in the fringe 
(b) near the ovary in the broad ligament. Such cases are termed 
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extra-uterine fcetation. That such abnormal fomiB of pregnancy 
of rare occurrence may be thus explained: The »permatozoon 
eling through the uterus and Fallopian tube, and not coming 
contact with the ovum, arrives at length in a labyrinth — i, e., 
the fimbriated extremity of the Fallopian tube {k. Fig. 73) — 
is lodged in the wrong fringe, perishes, and shares the fate of 
creted mucus. There are a thousand chances to one that this 
be its fate. However, should it accidentally find its way into 
fringe-tube connected with the ovary, and here fertilization 
consummated, then the relaxed fringes stop the further 
the ovum, and extra-uterine pregnancy is established. 

The fimbriated extremity of the Fallopian tube may be reg&i 
as serving more than one purpose; viz., to grasp the ovary ( 
SUB diaboli) and extract an ovum during sexual excitement, ai 
furnish a trap for the spermatozoa so as to prevent it finding 
ovum near the ovary, thereby preventing extra-uterine pregnant 

OraTiditaa in Substantia Uteri takes place where there 
one or more fissures, or crevices, within the mucouB membrane 
the uterus, the fertilized ovum accidentally becoming lodged in 
depth of such a fissure. 

Twin, Triple, or Quadruple Pregnancies generally 
cur when more than one ovum is liberated from the ovary or ova- 
ries, or when spermatozoa enter both Fallopian tubes and meet an 
ovum in each at the same time, or in one tube after one act of co- 
ition and in the other after a subsequent. At an average, in the 
while race twin pregnancy occurs once in about eighty timea; 
triple, once in 6()00; quadruple, once in about 800,000 times. 

The Mamma, or breast (A, A, Fig. 77), is a rounded emjnem 
on each side of the anterior aspect of the thorax, between the 
num and the axilla. It may be said that they are glands a 
Bory to the generative system. Each mamma is provided with 
from fifteen to twenty excretory tubes termed tubuli laetiferi (p), 
terminating at the nipple (B) by minute orifices. Around the 
nipple is a colored circle, or areola, which becomes darker during 
the period of pregnancy, and remains darker in women who have 
borne children than in those who have not. The substance of the 
mamma consists of minute lobules {alveoli) containing the milk- 
secreting cells, and are clustered l/>gether in racemose or conglom- 
erate bunches, forming large lobes (D), These are situated within 
(C), which formstheirenvelope, composed of areolar and conii«ctJTe 
tissues. The ducta of (D) communicate with and discharge into 
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dilatatioDB (F) of the lactiferous ducts. The secreting lobes and 
their ducts are interspersed with areolar and fibrous tissue. The 
entire substance of the mammary gland is supplied with blood from 
the thoracic branches of the axillary, the intercoetals, and internal 
mammary arteries. It is also well supplied with lymphatics and 
nervee. The nerves are branches from the anterior and lateral in- 
tercostal cataneou». The secreting alveoli and the internal aspect 
of the walls of the laetiferoua tubules are lined with epithelial 
cells. The capillary arteries furnish the blood for the nutrition of 
the gland, as well as material to the celts for the secretion of the 
milk. The elaboration of milk takes place in the secreting cells 
in the walls of the alveoli. The milk globules {fat of milk) are 
formed in the protoplasm of the epithelial cells. These milk (or 
iat) globules are much larger at the begining of lactation; such milk 
is called colo»tnim. In the dilatations (storehouses) (F, F, F), the 
xnilk accumulates during the time the child is not nursing. 



Diagram of a section of the 
mammary gland. 
A, A, Section of the ^kin on the gar- 
face of the gland. B, Nipple witti mi- 
DUte orifices of the milk duels. C, C, 

C, Areolar and connective tiaauea form- 
ing roundish etructarea containing the 
nerve-fibrillte, lympliatics, and capil- 
lary blood-veaaels ; each atructure con- 
tains a milk-secrettng lobe (D). D, D, 

D, Milk-eecreting lobes (the surround- 
ing tisBiiea being removed), containing 
the minute alveoli clustered in bunches, 
the cella of which secrete the milk. 
F, F, F, Dilatations of the lactiferous 
ducts. The alveoli and duels are lined 
with epithelial cells. 




The secretion of milk may be influenced by the nervous system. 
It IB diminished in mental distress, and increased when the child's 
mouth touches the nipple or the mother sees or hears her offspring. 
That the secretion of milk continues after section of the nerves 
known to supply the mammie, as claimed by some, must find an 
explanation in the fact that other nerves furnish fibres to the 
mammfe not at present known to do 8o; or, possibly, the vaso- 
motor nerve-fibres alone exeit an influence on the secretion. 
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The Nausea and Vomiting present daring one pregnancy ai 
not during another, in the same female, may potjsihly be arcQUnted 
lor by one or more of four causes: 1. Greater or less activily of 
the cells of the newly formed embryo. 2. The differences in loca- 
tion of the attachment of the ovum and development of the pla- 
centa in the uterus, which may be at the entrance of the Fallopian 
tube, at the fundus, at any part of the body, or immediately over 
the internal us, doubtless effect s difference of stimulus on termi' 
nals of nerve-fibrillft;. 3, The stretching of the muscular fibres in 
the uterine wall, affecting the nerve-fibree and their end-organs 
differently, according to the place of attachment of the placentaii 
4. The difference in locaUty of attachment of the placenta in thi 
uterus may, possibly, cause a difference in the quality and quantil 
of the lymph absorbed, which, passing into the venous circulationl 
and to the heart and lung8, may, in one or in both of these organs,' 
produce a peculiar stimulation of an afferent impulse through the 
vagus, and effect reflex (efffrenl ) action through the nervous centree 
of the origin of the phrenic and splanchnic nerves, influencing the 
stomach and diaphragm, and so establishing the nausea and vomit- 
ing sometimes experienced during gestation. 

A Mole is a more or less shapeless fleshy mass formed in the 
ut<rus. If it be the remains of a degenerated embryo it ia termed 
a Inif molf, otherwise it is termed a /aUe mote. 

VeBicalar Mole— I'lMf: Hydatidform Moles. 

Hydatidform Moles are nnmerous watery cysts, or conglomer' 
ated vesicles, originating from the degenerated villi of the chorion, 
each saccule growing from another with a polypoid pedicle from 
original, or principal, stems (not grape-like). They generally grow 
alternately — larger from small, and smaller from large — and ap- 
pear like strings with different siied nodules. Some may loosen 
and be discharged, while others remain. According to Gooch, "the 
dischargMl resemble white currants floating in red-currant juice," 
Normally, the villi of the chorion grow by a proctiss of gemmation; 
i. «,, by buds. In the case of a mole, the growth is abnormal, ow- 
ing, possibly, to some fault of local circulation. The celts of each 
of the villi of which the bud is composed develop abnormally, and 
originate ^-esieles by rvjtetition, and so form the hydatidform m«M, 
or false moles. Theh)-d»tidform mole is not a trtie hydatid encysted 
resicle, or one clr>?ed fac withfo another. 

An Hydatid ' * ' "tr than the tlKtnea ot membranes, 

more or lees tr i ■ ■'^'lops not only in the ateros, but 
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n)m in other organs, though without adhering to their tiBBoe. The 

formation of & hydatid in the uterus may simulate pregnancy, and 

ilB expulsion ia generally attended with more or less hemorrhage. 

When the ovum or some ol its 



gcrme are malformed tlieir deriv- 
ative cells perform abnormal 
functions, and produce a mole, 
which in time ie generally ex- 
pelled from the uterus. It must 
be remembered, however, thai 
moles are not always the result 
of impregnation; consequently, 
in a medico-legal sense, it is of 
importance to distinguish be- 
tween the true and false kinds. 
Discharges more or less solid 
may he mistaken for a result of 
pregnancy. Even in the virgin, 
«inamous epithelium of the vagi- 
na, in the form of flakes or tubu- 
lar casts, which may be thrown 
off in greater or less bulk ; a solid, 
hard fibrous struclure; or a blood- 
ulot may lose its coloring mat- 
ter, become dense, and enclosed 
by a membrane; or coagulated 
blood and lymph enclosed in a 
SBC, very much resemble the rem- 
nant of a foetus. It is difhcull to 
distinguish them from the true ^^^ 
mole, and may even require the 
aid of the microscope, The most 
obetinate, painful menstruation tbi 
{dytmenarrhaa) is often due to bmncbeB whicti 



Fig. 78. 




Diagram of the fcetal 
circulation. 



Heart. 2, Pulmonary artery aris- 
il the right ventricle. 3, Arch ot 
lorta. 4, Descending aorla. 5, 5, 
Internal iliac artericH, 6, 8, Hypogas- 
tric (umbilical) arteries. 7, Placenta. 
8, Umbilical vein, Jividing into (9) 
and (10, 11) 
the liver, 12, 
bnormal and destructive Inferior vena cava. 13, Superior vena 
membrane at the menstrual peri- '"""- H. »■ VcBaelBio and from the 
. , . , . ^. upper eitremitiea. 15, lo, ^ easels to 

od, which may then pass off m a„d from the brain. 
shreds, or as a single mass the 

site ot the entire uterine cavity. It may also occur independ- 
ently of menstruation, yet is always attended by hiemorrhage 
ukI expulsive force, easily arousing a suspicion of pregnancy and 
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abortion. This in difficult to dislinguiah from an abortive 
if the usual signs of pregnancy are absent and the embryo has 
escaped unnoticed, as the dysmenorrhffial membrane resembles the 
decidua, with its smooth inner and unequal outer surfaces, that 
of non-pregnancy being more ragged, shreddy, and destitute of 
cotyledonous sacculi. Again, when the uterine membrane 
passes off as an entirety it has the three openings — two of 
Fallopian tubes, and one of the os uteri. 

The true mole is the result of conception, the blood supply 
ing appropriated in excess by the decidua and surrounding 
structures, and the embryo left to decay from insufficient nutri- 
tion, It is difficult to identify a true mole, unless the liquor am- 
nion, or its sac if it be ruptured, or the remains of the umbilical 
cord, or the embryonic structures, are found — any of which estab- 
lish the fact of conception. Moles may co-exist with true pregnan- 
cy, the symptoms and expulsion resembling those of abortion. In 
a vesicular mole (hydatidform degeneration of the chorion) the 
embryo dies before the placenta is fully developed, while the villi 
of the chorion retain some of their vitality and continue their 
growth, forming serous fluid within. Such growths generally 
suit from dropsical swelling of the villi of the chorion, and resem- 
ble in form a bunch of grapes. The size of the vesicular bodi< 
vary, however, but are attached one to another, being thus dial 
guishable from true hydatids, which are closed sacs one contain* 
within another. 

In twin conception one ovum may develop normally, while 
other becomes a vesicular or fleshy mole. A mole may remain 
the uterus for a long time — for years even— and it would be hax- 
ardous for a physician to assert positively that an embryo, fmtus, 
true or false mole, or a true or false hydatid, had been delivered 
unless he was present at the time and thoroughly examined tl 
substance delivered. Moles are generally expelled in a "delivery' 
manner, differing in this respect from a tumor or polypus. Tl 
latter may also referable a mole, but can be distinguished by 
pedicle and the absence of an ovular membranous structure. 

Menstruation. — The catamenial, or menstrual, discharges 
commonly known as "courses," "monthly illnes-i," or "periods." 
In the female child the Graafian vesicles are small. (See Ovaries.) 
After puberty one vesicle enlarges after another in regular sequonoa, 
BO that, normally, every twenty-eight days the largest bursts, 
contents passing through the Fallopian tube into the uterus. Tl 
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■, with the blood from the torn blood-veBeels and membrane 
of the uterus, discharging through the vagina, ie known as the 
•menati-ual discharge. The ripening and dehiscence of Graafian 
vesicles take place during the child-bearing period. Astonishing 
freaks of nature are somotimce observed. According to Talten "a 
woman of the age of 70, a widow for 20 years, was found to 
be pregnant." Menstruation plays only a secondary part in the 
phenomenon of ovulation. According to Leishman, a woman who 
had married at twenty-seven menatruateii tor the first time two 
months after her eighth labor; another woman had no discharge 
Until after her second marriage, at the age of forty. Garus refers 
to a child who menstruated at the age of two years, became preg- 
nant at eight, and lived to an old age. A woman may become 
pregnant without ever having menstruated, or during the nursing 
period before the menses reappear. 

The menstrual discharge is hsemorrhagic, the blood becoming 
mixed with the mucus and other secretions of the vagina and ad- 
jacent parts. Before and after the rupture of one or more Graafian 
vesicles, the uterus, ovaries, and Fallopian tubes, especially the 
mucous membrane of the uterus, become congested, the capillaries 
distended, its glandular follicles are more active, and a mucus 
discharge takes place before and after the bloody flux. The 
proliferation of the cells, and fatty degeneration, together with the 
congestion, compress the capillary veins, and, in tearing asunder 
carry along the capillary vessels and part of the membrane. The 
epithelial covering and superficial mucous membrane are thrown 
off, and even blood ooaes from the utricular follicles and the Fal- 
lopian tubes. The capillary vessels hang denuded in detached 
loops in the uterine cavity, and may be discovered in the dis- 
charge. The slight rupture of blood-vessels of the Graafian vesicles 
on bursting also adds to said discharge. 

Leishman states that Dr. Tyler Smith had several opportunities 
of examining the uteri of women who had died during menstru- 
ation. He found that the appearances presented were similar to 
those observed after abortion. In one case the mucous membrane 
in the cervix was perfect, but at the os uteri internum (3, Fig. 72) 
it ceased as abruptly as it dissected off with a knife above that 
point, and blood was oozing at numerous points from broken ves- 
Bels in the submucous tissue. This may be of importance in a 
medico-legal sense. According to the theory of Reichart and others, 
"before the ovum is discharged during the process of ovulation the 
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uterine mucouB niembraiie becomes more YKBColftr, coi 
spongy, and thicker, in which state it is termed memiirana decirltia 
menalrualis; that it is then in a more favorable condition to receive, 
retain, and nourish a fertiliied ovum coming in contact with it. If 
the ovum be not fertiliied, then the membrane degenerates and a 
bloody menstrual diacharge followe." According to thia view, the 
discharge is a sign of n on -pregnancy. Hence, pregnancy is to be 
calculated from the time between the last menstruation and the 
time when it normally should recur. Sometimes, however, ovula- 
tion and the formation of the membrana decidua menstrualie occur 
independently of each other, and meoatruation may recur without 
ovulation, and rUe reraa. 

In the opinion of the writer, that procese may work differently. 
During ovulation the extremely vascular, congested, and thickened 
membrana decidua men^'truaUs degenerates, the capillary vessels 
are torn asunder, and bleeding follows. Now comes the point, 
however, that, when a fertilized ovum is lodged anywhere in the 
uterus, the uterine membrane is relieved, as it were, as a great 
part of the blood of the uterine artery is attracted to and supplies 
the extremely active cells and newly forming tissues of the embryo, 
when generally no further menstruation occurs. Periodical men- 
struation may continue, for a time, however, if the capillaries oi 
the membrane should become more or less congested and the mem- 
brane degenerate. Again, if the spermatozoon travels the entire 
length of the Fallopian tube, meeting the ovum near the ovary ia 
the tube-fringe (m, Fig. 73) leading from the ovary to the Fallopi- 
an tube, and the ovum becomes fertilized in the tube-fringe, then it 
remains on the spot in the tube, and we have a case of extra-uterine 
pregnancy. When this occurs the embryo is supplied from the 
ovarian artery, and menstruation from the uterus may continue aa 
usual from the parts supplied by the uterine artery. ( Vide Extra- 
uterine Pregnancy.) 

The cause of menstruation ia generally associated with, but does 
not depend on, the maturation of one or more Graafian vesiclea 
and the discharge of ova. Why it recurs in the human female at 
regular periods of twenty-eight days, when one or more Graafian 
vesicles mature; and similarly in certain of the lower animals; and 
in some animals a cluster ripens; and again, in others the ovulation 
occurs in periods of a year^ these are facts which no one can 
at present explain. 

At the cessation of the menstrual discharge in the human female, 
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ti OCODTB generally at the age of about forty-five, the uterus 
atrophies and the ovaries shrink, denoting the termination of the 
reproductive fuaction. This crisis in the life of woman is termed 
the menopause. 

Entozoa are animal organisms living within other animal 
bodies, from whose tissues they derive nourishment; as, for example, 
worms in the intestines, or trichinie spiralis in the muscles. The 
trichinie spiralis are sexless, encysted, wormlike parasites about 10 
millimetres in diameter, found especially in the flesh of animals of 
the porcine type. If such flesh he used as food (insufficiently 
cooked) aud the cysts digested, the parasites become liberated and 
multiply in the small intestine, the walls of which they permeate, 
entering the different parts of the muscular tissue and setting up 
serious diseased conditions. 

Inftisoria, or water animalcula, are found generally during 
the summer months, if the water be exposed in a moderately warm 
atmosphere, though the water be clarified, distilled, or boiled. 
The infusoria reproduce their species by eggs in !*pecial generative 
organs, which are fecundated by union of the sexes. 

Life FuuctionB pass through unceasing change until com- 
pletely HUppended, the particular kind, or specieB of organisms 
remain, while the individual perishes. 

Plants. — In certain plants the two sets of reproductive organs 
are found together, the ovules being fertilized by the pollen of the 
same structure. Aft«r fertilization the ovules are set free and 
thrown upon their own resources, to draw from the surrounding 
elements the materials for their growth and development. 
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CHAPTER XXVIL 

MISCELLANEOUS. 

The Connective Tissues are of great variety. Their function 

is that of supporting the fraoie and holding together the various 
other tissues and organs. Tliey ace divided into mucous and 
retiform (net-like) connective tissues, white and yellow fibrous tis- 
Bue, cartilage, and bone. The cells of all these tissues have the 
property of secreting material for the nutrition and repair of their 
own and of the intercellular substance. The younger the tissue 
the more numerous are the cells contained in it; while in old ago 
the intercellular substance predominates, the cellular portion being' 
relatively less. 

Fibrous Tissues, especially the non-elastic or white tendin- 
ous, are, as a rule, easily affected by chemical reagents. Weat 
acids cause them to swell and become indistinct; consequently, ft 
Buper-acid condition of the system causes disease. 

Cartilage -cells secrete an intercellular substance, which in 
some parts remains quite soft, while in other parts it becomes hard. 

Bone is, in some respects, the most remarkable of the connect- 
ive tissue group, its cells having the peculiarity of attracting and 
secreting a great quantity of earthy, or inorganic, matter. This 
inorganic matter imparts to "bony tissue its great strength and 
hardness, and enables it to support the body. Bone contains also a. 
quantity of fat, cells, nerves, and blood-vessels, and is covered on tha 
outside with a tough vascular coat, termed the perio»leum. Where, 
bones are in relation at the joints, their articular surfaces are covered 
with cartilage. ( Vide Lime Phosphate.) 

The Pepiosteum is a fibrous membrane on the external surface 
of the bones. It imparts strength to the bone and affords a suitable' 
attachment for muscles. It is well supplied with arteries, thereby 
furnishing nutrition to itself and the bone. It contains also veins, 
nerves, and lymphatics. In periostitis, pus may collect between the 
bone and periosteum, causing pressure on the vessels, so that the 
outer layers of the bone are eoon deprived of nutritioD, 
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Qangrene. — Interruption of the leturn of venous blood is Bel- 
dom a cause of gangrene. This fact iB especially noticeable in 
women during or after pregnancy, when the veins of the lower 
extremities are eometimes enormously enlarged. About the only 
instance where a stoppage leads to gangrene is that of a hernial 
sac, where the veins are compressed sooner than the arteries. In- 
terruption or entire stoppage of the normal exchange of arterial 
and venous blood terminates the life of a part (gangrene), A 
tumor pressing on arteries, or continuous convulsive contractions 
of their muscular coat, even the continuous use of too large doses 
of ergot, may produce gangrene. Again, the cause of interruption 
of the blood circulation may have its seat in the capillaries, as by 
exudations or new formations in the parenchyma of the tissues of 
the part aSected, producing compression on the blood-vessels. Other 
causes of a mechanical or chemical kind, such as crushing, concus- 
sion, desiccation, corrosion, or ferment poisoning, produce, by their 
violent disturbance of the molecular arrangement of the tissues, a 
disturbance which is incompatible with the continuance of vital 
action in the part affected, ( Vide Mortification.) 

When the amount of arterial blood flowing through a certain 
part of the body falls below the nornaal quantity, the nutrition of 
such part suffers; if the current ceasiea entirely, so does the nutri- 
tion. Disturbances of the circulation are most frequently caused 
by obstruction in the afferent arteries. This may arise from a 
thrombus, or disease may cause a gradual diminution of the lumen 
of the vessel, whereby the heart's propulsive force becomes much 
reduced in the larger arterial trunks. Disease of the heart's mus- 
cle or general debilily may also retard the blood current. 

In Gangreena Senilis, or the dry gangrene of old age, which 
commences at the lingers or toes and gradually extends upwards, 
caused by defective circulation, both forces — the heart and the 
blood-vessels generally — act conjointly; that is to say, there is a 
retrograde change in the heart's muscle, and disease of the vessels. 

New FormationB^Cancer. — By a new formation is meant 
an abnormal increase of development, or excessive growth of tissue. 
Virchow, writing on cell life, says, "Wherever cells exist in the 
organism they are the offspring of other cells which no longer exist; 
the new cells are the heirs of the mother cells, yet not always of 
their peculiarity and vital properties," Here is condensely expressed 
the substance of many volumes; for in this new formation the 
original simple cell is multiplied, the nucleus elongated, and then 
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constricted in the centre until the connection ia broken. 
nucleus, in dividing, brings about a division also of the nuoleolus; 
then there are two cells instead of one; these two produce four; thesA' 
eight, and so on ad infinitum, if unobstructed. Sometimes this 
occurs rapidly, as from an injury, causing a tumor or cancerous 
growth in a short i<pace of time. An increase of protoplasmic force 
from within outward, or a supply of defective pabulum to the cells, 
may cause a division of the nuclei, with a similar result. The form 
of the growth depends upon the the space and kind of tissue it oc- 
cupies. The cells of such growth are termed giant eelU, because 
they are larger than other cellB and almost without limit in growth. 
When imbedded in soft, yielding tissue, the growth produced is gen- 
erally round; but if imbedded in a fibrous structure, then it is 
furnished with processes at its periphery, continuing into the soft, 
yielding interspaces of the fibrous structure — the so-called roots of 
cancer. This abnormality is an example of the means of unlimited 
multiplication, primarily, from a single giant cell. 

Of all tissues of the body the blood contains the largest percent- 
age of water; therefore, in death it decomposes more rapidly than 
any other tissue. Soon after death the coloring matter leaves the 
blood-corpuecles, and colors first the serum, and then the walls of the 
vessels and loose cellular tissue around them. Soft tissuee, on dis- 
integrating, become swollen, the degree of tumefaction, or swelling, 
depending entirely upon the quantity of water contained therein. 

During lite there is another increase of the tissues called /n((j/ 
degeneration, wherein the nucleoli of the cells are changed. These 
nucleoli become enlarged with fat globules, gradually filling the 
entire cells, which then increase in size three or four times. Those 
that have been previously round, cylindrical, flat, or of spindle 
form, assume a different shape, and are termed granular corptueUt, 
being globular aggregations of fat-globules held together by inter- 
mediate albuminous substance. When a targe number of such 
granular corpuscles are together the fluid or tissue in whose inlei^ 
slices the granular corpuscles are suspended or deposited is of a 
yellowish tint; as in cologfncm, which is a viscid fluid. If leR 
standing, this fluid soon separates into a transparent serous fluid' 
and a cream-Uke mass consisting almost entirely of granular cor- 
puscles produced in the mammary gland by fatty degeneration, 
the minute particles of the corpuscles not having been completelT 
broken up, causing the colostrum to appear yellowish or oily. In 
fatty degeneration of the tissues the albuminous eubetance refsmd 
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to ie Biirronnded by the alkaline blood, and ita alkaline salte, which 
are ahnormally increased, act upon and dissolve the fat-gtobules. 
The albuminous eubstance is then no longer able to hold the fat- 
globules together, when they disintegrate or break up. The farther 
tbis disintegration of fat-globules proceeds the whiter the surround- 
ing tissue appears, the cells, as previously stated, swelling up and 
rupturing on account of the overproduction of fat. Riudfieisch 
says, "Even nerves and blood-vessels become subject to fatty degen- 
eration, the muscles of the heart being most liable." 

DisBolntion of the Human Body begins as soon as the 
functional interdependence of the different organs ceases, the parts 
then becoming lite inorganic matter. The only force keeping them 
in form is cohesion. This, however, exerts a limited and tempor- 
ary power on human organic matter, owing to the extraordinary 
abundance of water present. At death decay begins slowly, the 
proce.ss of dissolution accelerating with the lapse of time. 

Spontaneoas Generation is not admissible even in the case 
of hnctrria, including their various varieties. Heat exerts in vary- 
ing degrees a preventive action on their appearance. Schizomycctea 
(minute vegetable organisms — saprophyiea, which some claim, be- 
long to the algx) have the peculiarity of being devoid of chloro- 
phyll, and are endowed with mobility in the absence of oxygen. 
Bacteria, in one variety or another, develop in all kinds of de- 
caying animal (ptomaines) and vegetable matter, and when devel- 
oped may cause live animal tissues, of greatly diminished vita.iiy, 
to decay. Organisms described as micrococcus, hncierium, and bacU- 
luf are, possibly, varieties of the same species only. 

PtomaineB. — Ptomaine is the principal acting substance of 
dead animal tissue {carcass). It is to the dead tissue what the pro- 
teid is to the living. Both proteid and ptomaine differ according 
to the composition of the tissue. Again, both difier according to 
the condition of the tissue; for instance, the proteid diners much 
in the plethoric condition of the body from the ana?mic. The p(o- 
maine differs much according to the decomposition of the dead tis- 
sue. In the ptomaine organisms easily develop termed pathogen- 
ytei, which exercise an important influence in many pathological 
conditions. Some pathogenytes may be transient, others more per- 
manent and severe. These organisms are very apt to form in a 
wound, especially in a defective mucous membrane, or in a bed-sore 
for instance, in which the diminished vitality o! the patient favors 
their formation and absorption. These organisms may easily be- 
18 
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come absorbed hy the blood -capillaries direct, or through the 
lymph-vessels enter and poison the blood, as ia the case of diph- 
theria {diphtkeriiic cocci) from decayed mucous membrane of the 
tonsils, for instance. When pathogenytes are developed, or intro- 
duced with food, the etiect is apparent, especially in the intestinal 
canal, illustrated by the introduction of the lyrotoxicon of decayed 
cheese or other food, and may, in legal investigations, be of great 
importance in clearing up certain mysterious poisoning cases, which 
might he mistaken for the willful admixture of poisonous drugs. 

As long as the pathogenytes affect a wound only they can be de- 
stroyed with antiseptics. Several kinds of said organisms may be 
combined in one ptomaine, can live and multiply, and by (be blood 
be carried from one part of the tissue to another. They may ag- 
gregate in the capillaries of an organ, tissue, or gland, and become 
absorbed again, producing what is termed Infection. The blood- 
poisoning from wounds is often believed to be due to absorption of 
pus-cells and is termed pyiemia, but in reality very often, possibly 
always, is due to poisoning from micro-organisms of a ptomaine. 
When the ptomaine organisms develop quickly within the system, 
or enter it very numerously by Contag:ion, they may produce 
death in a few hours. Their slow development and smaller 
ber in the system may produce hectic Jeetr. The relapsing, mo* 
tinued, remittent, periodic, and intermittent fevers, respeclivel] 
may possibly he due to puthogcnytes of ptomaines developed sw 
where in the mticoua membrane — most likely in the alinienWty 
canal. The time may not be distant when the jtrimary origw of 
Koch's bacillus may be traced not to the lungs, but to defeclJTe 
mucous membrane either in the bronchial tubes, nose, or intestine. 
It is by no means necessary that the primary origin in all cases 
be in the same locality. 

.iEther, or Ether, is an extremely subtle, elastic substanW 
which is supposed to pervade all space as well as all bodies. I' 
may reasonably he asstimed to l>e a simple form of gas, which o" 
account of its extreme tenuity is undetectable by any process «t 
present known to science. It does not enter into combination with 
other Bubatances; therefore its quantity, quality, and action alway 
remain constant. Assuming the atomic theory to be the correct 
one, tether forma the interstitial medium between the atoms an'' 
molecules of all gases, Suids, and solids; entering the inter-atomic 
and molecular spaces on the expansion of these bodies and rcc«i* 
ing on their contraction. 
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Still-born. — In determiniDgwhether a dead infant has breathed 
[or not, Moreno says "that the ciliated cylindrical epithelium of 
Uie respiratory tract extends down to the terminal tronchioli, 
irhere, in an infant that never breathed said epithelium is cubical, 
tut as Boon as respiration begins, it is transformed into flat epithe- 
lium. That the change not being a mechanical, but a physiolog- 
ical occurrence. Hence, by the aid of a microscope it might be- 
determined whether the infant, whose lungs contain air, had 
drawn it in by inspiration, or if it had been forced in during aa 
Bttempt at artificial respiration." 

Artificial Bespiration is recommended by Sylvester as fol* 
lows: "The patient is laid on his back on a plane, inclined a little 
Irom the feet upward; the shoulders are gently raised by a firm 
cushion placed under them; the tongue is brought forward so as to 
project partly from the side of the mouth. The operator then 
grasps the patient's arms, raising them above the head. This action 
boitatcB inspiration. The patient's arms are then turned down and 
finally pressed for a moment against the siiles of the chest. A 
ideep expiration is thus imitated. These two reversing movements 
should be perseveringly continued at the rate of about 15 to 18 
itimes in a minute. In addition the operator may pay attention to 
[the following: 1. That all obstruction to the passage of air to and 
[from the lungs be at once removed; that the mouth and nostrils be 
[cleared from foreign matter or mucus. 2. A dash of hot water 
(120° F.) or cold wat«r to the face for the purpose of exciting res- 
Jiration. 3. That the temperature of the body be maintained by 
Kriction or warm blankets. 4. In case of drowning, in addition to 
khe foregoing suggestions, first of all place the body with the face 
[downward, the face hanging a little over the edge of the ta'Je or 
Iboard, and the body raised at an angle of about 30 degrees, so that 
■lie head is lower than the feet. Open the mouth and draw the 
■oDgue forward, and allow the water from the lungs to escape 
Buickly, which may be assisted by pressure on the back, then to 
irt to the foregoing artificial respiration." 
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Abdomlnkl raflax. Contraction o( the alxlominat musclee upon atimnlation 

(tickling) of tlie ekia over the side of the abdomen or sole of the loot. 
AbducaoB. Siitli pair of cranial nerves. 
Abduction. Dritwing outward from (lie median line of the body o 

Ab«iT&tioa. Waiiilcring from; dispersion of the rays of light i 
through a luiis ; passage of a fluid into a part not appropriate for it 

Abaorbeata. Capillary veins and capillary lymphatics. 

Abaorbent syatom. Veins and lymphatics. 

Abortion. Accidental or willfully induced premature birth. 

A l wo— ■ A circumscribed collection of pus in tissue. 

Abaorjitioii. The taking in or sucking up by the tissues ; imbibition, 

AckruB. Mite; a minute living organism. 

Acoaasoriua. The spinal accessory nerve. 

Acceasory. Accompanying or taking part with another, aa the spinal 
accessory nerve with the pneumogastric nerve. 

AccommotUtion. The mwer of the crystalline lens to increase or diminish 
ita convexity so as to focus on the retina the rays o[ light reflected from 
(Ejects at varying distances within a range of from (about) 4 to (about) 226 
te«t from the eye. This accommodation of the lens is caused by nervoua 
TdSex action for contraction or relaxation o( the ciliary muscle, ciliary and 
snaptuieory ligaments of the eye. 
■Acwtata. A salt formed by the union of acetic acid with an alkaline, 
«»rtliy, or metallic base. [See Base and Salt.) 

AcstiiC. Pertaining to addity, sourness. 

Achromatic. Free from chromatic aberration ; destitute of color. 

Acidity. Siurness. 

AcinouB gland. Kmall gland composed of saccules in the form of a bunch of 
Kraiies. 

Aeinna (pi- acini). Ultimal« lobule of o ravemose gland. 

Acooatic. Relating to hearing or sound. 

Acrid. Irritant. 

Aeupnnctnra. Puncturing the skin, as with needles. 

Acuaticua. Auditory nprve. 

Arat«. '.Lal.aealae). Relating to diseaseof short duration; sharp; pointed. 

AdABD'a Apple. Pomuni Adami, or angular projection on the anterior aspect 
of the thyroid cartilage. 

Adducena (adducent). Relating t« adduction. 

Adduction. Bringing, drawing, or attracting inward toward the median lino 
of tbt^ body, organ, or oE the limb. 

Adanoid. Resembling a gland or its tissue. 

Adanoma. Tumor originating in and composed of glandular tissue. 
Attraction between unlite molecules. (See Cohesion.) 
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Ad infinitum. To infinity; an limited capacity, extent) or eoergj. 

Adipose. Rtliiting to fat; fatty. 

Adolescence. Tlie period from puberty to legal majority. 

AdTsntitia. Outer coat of blood- ves^elB. 

Adynamic. Loea oC vital power or muscalar etrength. 

Aer. Air; gas. 

Aeration. Arterialization. 

Aeriform. Like air ; gaeeoua. 

JBstbesis. Perception; eenaibility. 

JEther. See jEther in chapter on Miscellaneous, 

.fitiology. The !>cience of causes; doctrine of ibe caueatiou of disease. 

ASierent. Carrying to. 

Adbrent nerre-fibrea. Carrying senBory tmpukea to either nerroua centi 

of the cerebral convolutions to inform the aensorium, or to excite in oil 

nervous centres reflex (eSereiit} impulses for motor action of an organ, 

for both of these actions. 
Affinity. Attraction; relationabip ; tendency toward. 
Afflux. Excessively flowing to. 
After-image. A visual impression that persiete on the retina after seeing > 

ilium mated object. 
Ageusia. Want of taste. 

Agglomerate. Crowded together ; aggregate. 
Aggregation. A collection; an assemblage. 
AggluUtion. Iiiitbility to swallow. 
Agminate. Groupi'd together. 
Agminate glands. Feyer'a patches. 
Ague, Intermittent fever. 

Air-cells. Slinute dilatations of the terminals of air-poasagea in the lai^! 
Ala (j)I. alse]. Awing; armpit, 
Ala cinerea.Wing aah-colored; vagua area. 
Alar. Wing-like. 
Albescent. Growing white. 

Albuginea. A thick layer of white fibrous tisaue investing viscera. 
Albuginea ovarii. Tunica albuginea of the ovary, 
AlbugineouB tissue. Fibroua tisaue of a yellowiah-wliite color. 
Albumen. Whito of egg. 
Albumin. Albuminous (nitrogenous) proximate principle, always coni 

Albuminate. A combination of albumin with a base. 

Albuminoid. Proteid. 

Albuminose. Albuminoua matt«r, converted during digestion, fitted to 

luae through animal membranes. 
Albuminous. Relates to animal and vegetable food containing albacneo 

mixed with othtT nutritious substances. 
Albuminuria. Albumin in urine; Bright's disease. 
Alga {pi. algie). Seaweed ; an order of cryptogamio plants. 
Algesia, Morbid sensibility to pain. 
Aliment. liouriahment ; food. 

Alimentary, Relating to aliment, or to the alimentary canal. 
Alimentary canal. Digestive canal, extending through the body fn>m 

mouth to the anus. 
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ATlnJI. ThU, which is generally known as Boda, potaah, or ammonia, and 
forming a neutral subalance with an ai:id. Lumac claasides the aJkahes as 

1. Metallic baaes, aa potaah. soda, and litbia, containing oxygen. 
I[. Non-metallic boBes, as ammonia, not containing oxvgen. 
HI. Vegetable alkalies or alkatoida, ae quinine, luorpbme, atrychnine, 
etc ; all contain nitrogen in combination with oiygen, hydrogen, and car- 
bon. Theee are the active principlea of certain plants. 

Alkali no. Relating to or having the property of an alkalL 

Alkaloid. A aalidable base of certain vegetables, extating therein aa a prox- 
aiaie principle, (See alkali.) 

Allantoid. Condition like force-meat. 

Allantois. Chief component part of the placenta, being the internal fibrous 
layer ol the chorion siurounding the (iiins and amnion, 

Aloa. An Lnspiaaated jiiice of a certain plant. 

Alopecia. Loss of hair. 

Alveolua (pi. alveoli). A small cavity or sac. 

AlviiiB. Pertaining to the abdomen or inteatines. 

Alvus. Belly. 

Amanrons. Loss of viaion. 

Ambiopia. Double vision. 

Amblyopia. Bimneasof vision; partial amauroaia. 

Amanorrhcea. Absence of the menses due to some morbid condition. 

Am«iitia. Imbecility of mind ; total absence of intellect. 

Amatropia. Defective refraction in the eye. 

Amidia. A compound of an acid radical (atom) with the compound formed by 
one of nitrogen and two of hydrogen (N Hg), derived from ammonia. Am- 
monia thereby loaea one radical o( hydrogen. 

Anunonia. A saseouB compound of one element of nitrogen and three of 
hj^rogen <N Uj), existing in air and soil, the product of decomposition 
and putrefaction of organic tissues. 

Ammoniacal. Containing or pertaining to ammonia. 

Amoeaia. Forget! ul neaa ; total or partial loBa of memory. 

Amnion. A membranoua aac forming pari of the placenta enveloping the 
IietuD in th^ uterus. 

Anusba (pi. amcebte). A unicellular organism composed of a nucleated mass 
ol protoplasm. 

Anmboid. Relating to or resembling amceba, especially in movemeuts aud 
changes of shape. 

Amorphous. Without form: ebapeleaa; matter in a solid state when exhib- 
iting non-methodical arrangement of its molecules ; not crystalline. 

Amplitude. Extent, fullness, atrength, especially as applied to aound or 
pulse. 

Amploa. Ample; large; roomy; spocioua; great. 

Ampulla (pf. ampullffi). Oblong vessel or flaak, enlarged nr puffed out; 
llask-sliaped enlargement of a membranous tube, as that oF a semicircular 

Amylacaoua. Containing or pertaining to starch ; starch-like. 
Amyloid. A compound formed in the body from starchy matter, 
Aaylnm. Starch. 
Anabolic. Kelates to anaboliam. 



in an^sllietic, 
destroys (paralyses) » 

lotile Lmpreesions. 



, Insufficient number of, or <It;fective, red blood-corpnoclu ia U 

blood, or a local or general want of blood in the body. 
AtiBBmic. Kelntiiig to ansemiB. 
Aneeitbaaia. Impairment or absence of aenaation of a 

entire, body — cauaeil either by disease or by tlie use of i 
Anaaatlietic. A aubstance or agent that impairs or 

eation ; pertaining to or inducing aiucstheeia. 
Aoalgeaia. Losa of aenaation to pain, but not to t 
Anologus (analogoua). Reaembling; similar to, 
Aaalysia. Tbe act of dissolving any substance; ucparating C' 

menta of a compotuid. 
Anasarca. General dropsy. 
AnSiBtomose (annKloniosia). Union or conimuniraliun with each other, a 

tlie iirti-rit'H. veins, lympbatius, or fibres of a nerve witb^uiolber nei 

Anatomic element. Tbe amalleat natural division of the organism. 
Anatomy. The art of dissecting organized bodies. 
Anchylosis (ankylosis). Immobility of a joint due to abnormal adhesions. 
Aneurism. Eulging or tumor-like dilatation of the uuats of a vessel ; seveni 

anetiriams may thus anastomose. 
Angina. Severe choking affection. 
Angina pectoris. Faroxyama of intense pain in the prtecordial region a 

heart, with a sctiae of suffocation, diminished pulse, and altered i 
Angioma. Tiuuor, composed principally of vessels, 
Ani. Si'i- Anus. 

Animalculum (pi. animalculla). A minute organiam. 
Annular. Ring-like. 
Ano. Sua Anua. 

Antacid. That which coiinteracte acidity. 
Antagonism. Opposition ; resiatAnce; counteraction. 
Anteflexion. Bending forward, usually referring to the uterus. 
Anterior. That which is in front ; forward aspect. 
Antaro. Anterior — used in tlie formation of compound adjectives. 
Anteversion. A displacement forward of the fundus of tbe uterus. 
Antidote. A remedy wliich counteracts or removes the effects o( poison. 
Antiphlogistic. A remedy opposed to or which checks inflammation, 
Antipyric. A remedy wlncii checks or prevents the formalion of pus. 
Antiseptic. An agent opposed to putrefaction, or which prevents the grow 

of orgaiiicms in The tiaaues. 
Antispasmodic. A remedy which relieves and prevents spasms. 
Antizymotics. An agent opposed to fermentation. 
Anuresis. Inability to urinate. 
Anuria. Suppression of urine. 
Anas (gen. ani). Tbe termination of the rectum. 
Aorta. Tbe largest artery of the body, originating at the heart. 
Aortic. Relating to the aorta. 
ApsrtuTB. An opening; 



Apex. The SI 



e point. 



Apbaaia. Loss or disturbance of the power of speech. 
Aphonia, Loss of voice. 
Apnma. Want of breath ; 
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ApomorphiA. An alkaloi<) prepared from morphine and hjdrocliloriF uciil. 

Apoaeuroaia. A thick, white, ebiuing expuiisiou of teniloiiB ; a sheet of ten- 
.linoiis librfs. 

Apoplexy. Sudden paralysis of Bensation and motion, resulting usually 
from liemoirhage in the brain. 

AppBTBtna. A combination of organe performing harmonious and definite 
functioDH. aa the circulatory apparatus formed by the huart, arteriea, cap- 
illaries and veins. 

Appendix. An accessory part or a coutinuatlon ol an organ. 

Apposition. Ttie act of bringing together; of being properly loj^ther. 

Aqua. Water. 

Ar«oU {]il. areolie). Interstitial space between fibres of the most delicate 



Areola mamnue. The circular brownish color around the nipple. 
Areal&r tisBue. Most delicate connective tissue, having areulte freely commu- 
'hen blown up with air or when dis- 

ArKantnm. silver. 

Argent! Nitraa. A salt prepared from silver, nitric acid, and water. 

Argyria. Grayish diacolorution of tJie skin resulting from long-continued 

internal use of argent! nitras. 
ArrectOT. Lifting np; raising. 
Arrectorea pUi. Erector muscles of the hair. 
Arteria. Artery. 
Arterializatioa. The imbibilion or tukiog up of oxygen by the venons 

blood, making it arterial blood. 
Articulation. The approximation of the cartilaginous ends of bones; a 

joint; also, relating to the proper enunciation ol words. 
Arytenoid. Funnel- or pitcher-shaped. 

ArytcBDOideua. Relating to arytiienoid muscles, cartilage, ncrvea, etc. 
Aacitea. Abdominal dropey. 

Aaphyxia. Inhibition of respiratory movements ; suffocati'm. 
Aaaimilation ■ The convention oC nutritious .uatter into the proper organic 

liaaues of the liody. 
Asthenia. I>ebility; want of strength. 
Aatbeaopia. Muscular and occommodat 
Ataxia. In co-ordination of muscular n 
Atlaa. First (■ctvical vertebra. 
Atom. The smallest part of matter that ci 
Atony. Diminished muscular t 
Afa«pliy. Wasting of a li^sim, or of the whole o 
Atropia. The alkaloid of belladonna. 
Attolena. Lifting upward. 
Attraliena. Drawing forward or towards, 
AuditoriuB. Auditory nerve. 
Auricle. External ear; right auricle of the heart. 
Auriclea of the heart. The two superior cavities of the heart. 
Automatic. Producing movements without external aid; self-acting; self- 

regulating. 
Axilla (pf. axillte). Armpit. 



e weakness of the eye. 



n take part in a chemical change, 
t of strength. 

a part of the body. 



forms the pivot upon which ttie head r 



AxiB-cylinder. Central filsinent of a nerve-flbre. 

Axis-cjrlinder proc«M. The prolongation of a nervoua centre-cell— believed 
not to be connected with the axis-cylinder of a nerve-IJbre, 

Arachnoid. A delicute aerous membrane, resembling a Bpider'a web, be- 
tween the dura mater and the pia mater, 
B 

Bacillus (jil. bacilli) ; (From boculum, BHtick or rod). A minute rod; rod- 
like bacterium. 

Bacterium {pi. bacteria), A little rod; a micro-organism of rod-like [orm; 
^euus of scUizomycetes, occurring in decomposMl animal and vegetable 

Basal ganglia. The optic tlialami and corpora atriala together. 

Baas. Foundation : resting on ; chemically, principal element of a compound; 

any aubatance that ^dll neutraliee an acid. 
Basement membrane. A delicate, structurelesa lamella beneath Ibe epi* 

thelium. 
Baailar membrans. The membranous spiral lamina of the cochlea that 

eiretches Irom the labium tympanicum to the crista basil aria. 
Bifurcation. Dividinginto two brancheB; place of diviaion. 
Bioplasm. Living matter; protoplaam. 
Bipolar. Having two poles or prolongations. 
Blastoderm. Layers of cells in the segmented ovum covering the ^ellc; ccUt 

which form the germinalive area; germinal membrane. 
Bowman's capsules. Envelopes of the glomerules in the kidney. 
Bronchial tube (pi. bronchial tubet). Tubal continuations from the bronchi 

to the broDchioh. 
Bronchiolus (pt. bronchioli). CapJUary continuation of the bronchial tube. 

A single membrane destitute of cartilaginous rings. 
Bronchitis. Inflammation of the bronchi. 

Bronchus (pi. bronchi). One of the two divisions of the trachea. 
Bubo. Inflammatory enlargement of a lymphatic gland, especially of th< 

groin or aitilla. 

c 

C. Abbreviation of centigrade and of carbon. 

Cachexia. Defective nutrition, as occurring in syphilis and ia cancer; 

depraved condition of the body. 
Cadaver. A carcass, or dead animal body, 
Cttcnm. Ending blindly, as a sac with only one opening. 
Calamus scriptorius. A writing pen ; a small pen-shaped tubercle at tha 

inferior angle of the fourth ventricle. 
Calcareous, Pertaining to lime, 
Calcis. Lime. 

Calculus. A stone-like formation in the body. 
Oallosus. Hard; thick-skinned. 
Callous. Indurated; hard. 
Callus. The flexible bony substance formed around the ends of a fractured' 

bone during the process of repair. 
Caloric, Warmth; heat. 
Calyx (pi. calyces), A cup; cup-like cavity into which the renal pajullA 

project. 
Oanalis reuniens, A short canal connecting the ductus eocblearia (seals 

media) with the saccule, 
Oanula, A small tube. 



I 
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Oapillaiy. A hair-Uke tube or vessel. 

Carbohydrate. A coDipound of carbon, oxrgen, and hydrogen. 

Carbon. A iicin-metallic element found in all organiccompounrts; coal. 

Carbonate. A salt tormed by the union of carbonic acid with a Halifiabie 
base. When the haae is imperfectly neutralised by carbonic acid tlie salt 
is temieil a tubearbonats; when there ia an excess of acid it in termed a 
biearbonau. 

Carbonic acid. A compound of one atom of carbon and two of oxygen. In 
the animal body it holds in cumbination ammonia and organic matter. It 
has a slight odor and a pungent, acidulous taslf, and ^cts as a powerful 
Btifflolus in the animal economy. Carbonic acid gas artificially introduced 
acts as a sedative. 

Oarcinoina. A tumor consisting priDcipally of epithelial dements ; cancer. 

Cardiac. Relating to the heart. 

Carotid. An arl^ry on each side of tlie neck supplying blood to the head ; so 
named because of its slow pulsation during sopor, coma, lethargy, and 

Catalepsy. Complete suspension of irritability and volition, with rigidity 
of thevoluutary muscles, the limbs and triiuk preserving the diRercnt 
positions given them. 

Cataract. Opacity of the eye-lens or of its capsule. 

Caudal (Lat. eauda, tail]. Pertaining to the estremity, or tail-end. 

Cellular. Pcrlaining to or consisting of cells. 

Cellulose. Cell-matter and fibres of plants isomeric with starch. 

Cantifpranune. A French weight; the 1-lOOth part of a gramme, designated 
0.01. 

Centigrade (ahbr. C). A scale to measure temperature, based on the deci- 
mal sysiem. 

Centimetre. One-hundred I h of a metre; 0.3937! inches. 

Centre. An aggregation of gray nervous cc)!-matter. 

Cerebellum. The posterior lower part of the brain; sjial! brain. 

Cerebro-spinal. Pertaining to the brain and spinal cord. 

Cerebrum. The upper and largest part o£ the brain. 

Cervical. Pertaining to the neck betweea the bead and chest or to the neck 
of the uterus. 

Cervix. Neck. 

ChMnical change. A change that alters the identity of the molecule. (See 
Physical change.) 

Chlorophyll. A dark-green and essential element of vegetation, composed 
of hydrogen, nitrogen, oxygen, and carbon, imparting the green color to 
foliage and transforming plant-food into vegetable matter. 

CUoroaia. Green-sickness characterized by anemia, languor, palpitation of 
the heart, and deficiency of red blood-corpuscles, generally uBecting young 
females. 

Cboleaterin. A fatty substance occurring in the brain, nervous system, and 
blood; excreted in bile, and occasionally in the urine ot fatty kidney. 

Chondria. The essential constituent of cartilage. 

Ohondrua. Cartilage. 

Chorda tympani sarre. A branch of the facial at the Fallopian aqueduct, 
passing under the mucous membrane of the tympanum (middle ear), then 
joining the lingual nerve to confer the sense of taste to ' 
thirds of the tongue. 

Choraft. Bt. Vitus' dance; irregular involuntary twitching and c 
of muscles. 
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Chrom&tic. PerUining to color. 

ChTomc. Long-con tmued. slow, tedious progress. 

CicKtrix. A ecar upon the akin aft«r tiie healing ol a wound or ulcer. Tha 

cicatrix of bone is temieil callus. 
OUiam ipl. ciliu). Eyelash; applied, also, to a fine, bair-llke process on cer- 
tain eel la. 
Oinarea. Ash-cok>red. 
Oircomflez. Bending around. 
Ciirhoaia. .\tropb}' of nortnat tissue caused by new formation of connective 

tissue contracting and obliterating the 'vessels. 
Clavutrum. t^liut off; an enclosure; layer of gray matter l^tween Lheialand 

of Eeil and tlie lenticular nucleus. 
01«ido. From relation with the clayicle. 
Olinoid. Bed-like. 
Ooceu* (p/. cocci). A berry; synonym for micrococcus or minute round 

organism. 
Ooecygaal. Relating to the coccyx ; lowest part of the spine. 
OmUae. Kelating to the abdominal cavity. 
OcBliac pl«zus. bolar plexus. 

OogitatiTQ. To think; in mind; thonght about; power of thinking. 
Oohaaion. Moleeular attraction between like molecules. 
Oaltion. A coming together. 

OoUagen. The essential organic basis of connective tissue. 
Colloid. Like gum. Gelatinous and gummy (amorphous) substances do ] 

not pass readily through septa, hence the name, iikv Crystalloid.) 
Ooma. Profound sleep with complete nn consciousness and ^ow, stertorous 

respiration. 
Oomado. Black-heads; face-worm?. 
Oomminuteil. Broken into many pieces. 
Oommisaure. A juncture, or point of union. 
Concantiic. Having u common center ; ihu!4, the bulb of the onion is a con- 

oentric bulb, consisting of many layers one within the other. 
Concept. The mind's own work, or its own power. 
Condyle. An articular eminence, round in one direction and flat in the 

other; a curved extension. 
Condyloid. I^lin]<ea[ a condyle. 

Condyloma. Suit, fleshy excrescence; a knot; an eminence. 
Conglomerate. Crowded together, as of many small glands forming n Inrga I 

Conjunctiva. Joining together; mucous membrane cmvering the anterior'] 

portion of the eye-lutU and the inner surface of the lids. 
ConniTent«i. Keeping ; converging towards or approaching one another. 
Oontaminat«d. Polluted; corrupt; tainted. 
Convolution (gyrus). Winding or folding, especially the outer port of tho I 

Copula. Shackled, or bound, 

ComeouB. Horny. 

Cornu. A born. 

Coronary. Kesembling a wreath or crown ; encircling. 

Ooronoid. Processes of bone resembling a crow's beak. 

Corpora pyTamidaUa. Pyramids of the medulla oblongata. 



Corpus (pi, corpora). Body. 

Corpuada. A very small body or mass of eubntance. 

Corrupted. Wriokled. 

Cort«z. Bark ; outer layer of an orgau. 

Coital. Relating to the ribs. 

Cotyledon. A circuiuacribed tuft of chorionic villi on the attached surface 

<>t the placenta. 
Cotyloid. Cup-form. 
Crepitant. Crackling. 
Creac«iido. Incn-ase. 

CribroB« {Lat. eribrum, sieve). Having holes like a sieve. 
Cribriform. Sieve-form. 
Cricroid. Ring-fonn. 
Crista acuatica. A crest or ridge in the umpullx of the semicircular caiiala 

Crista baoilBria. Slight elevatiou ou the llgumcntum spiriile to which the 

lamina tusilaris is attached. 
Cruciform. Like a cross. 
Crural. Pertaining to crus. 
Onia (pi. crura). A leg; resembling a leg. 

Crystalline. Kexembling or in port made up ot crystals; matter in a solid 
stale L-xhibiting a methodical arraDgement of its uiolecutes. 

OrystalliTie lens. A transparent structure just behind the iris in the eye- 
Utl. 

Cryatalloid. Keeesabting a rrystallus; like crystals; matter that can be 
crystal I iKi'd, as salts, acids, and alkalies; crystal livable subutanccs easy 
to osniosc. since they pass readily through sejita, hence the name crys- 
talloid. (!See Colloid.) 

Cupola. Vaulted roof of the apex: of the cul-de-sac of the cochlea. 

Cupula ampuUte, or C. terminalia. A soft, membrane-like material into 
which project the nerve-hairs of the crista acustica of the iniernal eor. 

Curare. Same as woorara. 

Cutaneous. Pertaining to the skin. 

Cyst. A circumscrilied membranous cavity orctirring abnormally in the 
body, containing Uuid, fat, or solid matCi-r. liut rarely pus. 

Cystic. Containing or composed of cysts ; pertaining to a cyst, urinarv, or 
gall bladder. 

Cyaticercus. The sexually immature larval form of tienia, or tapeworm ; 
tailed bt adder -worm ; hydatid. 

D 

Seciduus, a. um. Falling off ; membrane aurroundiug the embryo. 

Decussation. Crossing. 

Defecation. Evacuation of the bowels. 

Deferens. Bearing away ; transporting. 

Deglutition. Swallowing. 

Dehiscence. A bursting or splitting open. 

Deliquesce. To become pasty and melt by absorption of water. 

Delirium. Irregular mental action, with illusion or halluc nation. 

Dementia. Loss of reasoning power; incoherency of ideas; last stago of 
insanity. 

Dementia conKenits. Idiocy. 



DentatnB, n, nm. Toothi^i). 

Denticulate. Having small teeth. 

Deauded. Laid hare; dissei'led off. 

DeBquamation. Peeling or ecaling off. 

Deterioration. Degenerating; impairing; growing worse. 

Diabetes. To pnss through- 

Diabetes mellitu*. A diaea^ie with su^nr in the urine- 
Diagnose. The net of recogniiin^ a disease by its symptoma ; or, to <lis> 
Liiiguiah one ditFeaee from another. 

DialyaU. The process of eepar.iting mised liquids or fluid substauces bf 
oamoae; i, e., passaj^e through an animal membrane. 

Diaphoretic. A remedy increasing secretioD of sweat. 

Dirigent. Director; re;;ulator; harmonioua movements. 

Diureaifl. Excessive discharge of urine. 

DiTerticuIum Ipl. divert ico la). A tube brnnching out of a longer one; a 
boUow appendage attaehed to and cotamimicatiu); witb the intestinal tube, 

Doraum (adj. dorsal). The back. 

Dnct. A passage or canal. 

Dorus, a, um. Hard. Sura mater. Tlie external, dense, fibrous mem- 
brane surroiinrtiiii.' tiie brain and spinal eord. 

Dynamia. Yital force. 

Dyscraaia. A bad conatitiition ; morbid condition of the system, of the 
blo'id, or of a secondary nature ae from a disease. 

DyapbaBla. Difficult speech. 



Earthy phosphates. Phosphate of 



., magnesia, and lime, found ii 



BfferBnt. A vessel transporting fluid, or a nerve conveying an impulse,. 

away from an organ. 
Blement, An original, essential part or principle of which a ^as, flaid, or 

solid consists; i.e., their Bmallest natural division, which <iunnot be fm^ 

ther divided without destroying the identity, aueh as hydrogen, sulphur, 

carbon, oxygen. 
Bmetine. The active principle of ipecacuanha. 
Emiaentia. A projection, process, or prominence. 
Smission. Discharge or throwing out. 

Emphysema. Air-awelling or tumor-like infiltration ot air into areolar t 
Empyema. Collection of pus in the pleural cavity. Sometimea applied to 1 

a similar condition in other parts. I 

Emulsion. A preparation of an oleaginous or resinous substance with tha I 

addition of gum or the yelk of egg, lield in suspension m a watery fiuid. 
Encflphalon. The brain and nervous matter within the cranial cavity. 
Endocardium. Tlie inner lining of the heart-cavities, continuous with th* | 

endothelium of the inner coal ot the great blood-vessels. 
■Endogenous. Growing by multiplication or enlargement of the inner cellf | 

or tissues, 
Endomysium. The extension ot the perimysium to and between the 

cular tibres. 
Endoneurium. The minute web of connective tissue between the ti 

fibres within the ner>-e. 
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, A rectal injection, 
Unsiform. 8 word- Bh aped. 
Enteric. Pertaining to Ihe iiiteBtine, 
Ephemera. A fewer of ehort duration. 
X!piga*tric. Over the stomach; relating to the ejngaitrium; abdominal wall 

in front of the stonmch. 
Bpifflottis. A tbin fihro-cartila^ covered with mucous membrane at the 

upper Dart of the lar^rnx, behind the base of the tongue and Berving aa a 

cover during deglutition to prevent food from entering the trachea. 
Epil«piy. A dieeaae occurring hy paroxyema, with convulsive moventeats 

of the voluntary muscles and loss of cousciousnesa. 
Epithelioma. Carcinoma originnting in epitheliom. 
Erectile tissue. A tissue capable of turgeacence and increase of size. 
Erythema (pt. erytbemata). A hypersemic, red, circumscribed, non-elevated 
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Eacharotic. A substance by which tissue may be destroyed, leaving a slough 

Stherixation. Ether as an anaesthetic; influence of ether. 

Ethmoid. Perforated, as a Rieve. 

Ktiology. Doctrine of causes of disease, 

Eaonymin. The principal active substance of euonymua. 

Evacuation. A discharge of matter; an emptying. 

Exanthemata. An infectious, febrile, eruptive disease. 

Excoriation. An abrasion, especially of the skin. 

Excrement. Matter naturally discharged from the body as useless. 

Excretion. Thrown off or cast out. 

ExtraTaeation. Escape of fluid from its natural place to approximate 

tissues. 

T 
F. Fahrenheit scale to measure temperature. 
7ac«t. A separate articular surface. 
TfBcea. Alimentary eicrementitlous matter. 
FaradiEation. Application or eSect of the Faradi 
Faacia. A bandaged bundle ; especially the 

over muscles. 
Fasciculus (p^ fasciculi). Bundle of fibres. 
FauMs. The short passage between the back part 

larynx and pharynx. 
F»c«s. See F;eees. 
Fertilisation. Rendering or imparting the power 

fruitful. 
Fibre. Thin; thread-like. 
FibrillcB. Minute fibres. 

Fibrinogen. The principal constituent of fibrin, 
Fibro. Prefix to words referring to fibrous tissue, 

derivation, or resemblance. 
Filament. A minute ttiread or fibre. 
Fiiaure. A depression or fold inward; a cleft; narrc 

^ally separated tissue. 
Fistula. An'abnormal narrow canal with one or two 

tending from one or^aa to another; incomplete c 

Opening, but complete with two. 
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Olohuti. A f.;tlj. 

Oiorriisruli. A hr/ja'i ba!l-]iko nfia-r?. 



:::r c::':.:'rL.v or lo ex- 



a the ovary. 



OtoMtt. Tong:ae. 

OloBso-pbftrynKvnl. Belating to the tongne and pharynx. 

Olottia. Upper opening of the larynx at the posterior end of the tongue. 

01uco««. Grape-Bitgar ; etarcb-sngar. 

Olucooide. An organic compound capable of the production of glucose. 

Oluten (gtio, congeal}. The viscid, elastic, nitrogenous constituent of flour. 

Olutin. Vegetable albumen or gelatin. 

Olj'cocholic acid. A principal acid of bile. 

OlycoBoria. Sugar in urine, 

Qoblet cell. Goblet-shaped cell found aman; epithelial cells lining the mu- 

couif membrane, vltli a. broad, open extrt-miiy. 
Ooitre. Chronic enlargement of the thyroid gland. 
Ooaorrhoia. A speciAc, contagious inflammation of the urethra or vagina, 

wiih a muco-purulent discharge. 
QrAftfl&n vesiclfli or follidoi. Siuall saca enclosing ova 
OrttciUs. Slender. 

Granule. A email grain-like particle or body. 
Oravidua. Pregnant; impregnated. 
Orftviditas. Pregnancy. 
Ovatation, Tasting. 

OTntBCoIogy. Science ot diseases peculiar to women, 
QjTMB (pi. gyri). Convolution. 
Oyrua fomicftto*. Convolution of the corjiuB calloBum. 

H 
B> Symbol for hydrogen. 
Hsemat^msBifl. Vomiting blood. 
Hnm&turia. Blood in the urine. 
Hmmoglobin. A cryatallizable htematin and globulin substance, originating 

in aud coloring the red blood-corpuaclea, 
Htemoptyus. Coughing blood from the lungs or air-passages. 
Hectic. Consumptive; pertaining to a wasting disease; fever of phthisis. 
Helicotrema. Snail-hole; oritice of communication at the summit of the 

cupula at the jimctionof the vestibular and tympanic passages of the cochlea, 
Helijc. Bent ; turned round ; curled inward, as the external border of the 

Heloai*. Turned outward. 

Hmni. Half. 

HemianmatlieBia. Impairment or loss of sensation of one lateral half of the 

Hemiplegia. Paralysis of on< 

Henuaphere. Uatf a globe; 

Hep&r. Liver. 

Hopatic. Belonging to, pertaining to, or resembling the liver. 

Hepatisation. Conversion into a substance resembling the liver ; a state ot 
the lungs when engorged with effused matter (oa to pneumonia or pneu- 
monitis) ; no longer pervious to inhaled air. 

Hernia. Rupture. 

BibematiDn (I.at. hihemare, to winter). The Bleeping ot certain animals 
during the entire cold period of the winter. 

Hilom, or hilua. The external depression where the nerves, ducts, and 
Teeeels enter and depart at certain organs, u on the kidneys. 
19 




Tlltniwlliif PriKarr ; not dcxi^xl fam Bor JfgaaCf 

Zlao. BeUlJng to the Ueam. 

nao-evnl vmlve. A doable fold ef BMraw acnlnM i 

trooi Uie Uenia into the iarge i nW tiB e i. 
T*^*— Lower porliao of kbmU iniwaJnc, '■'"»'^*"g fro^ the jejuBamMlb 

iko-oeeal Tftlve. 
lUm. Fbtaka. 
THar Bdatinc U> the Uis. 
'"'— - Sopenor ap«i>ded portioB of hip-bone. 
ID or KbaarbinB. 



Xnuiitloii. Starvation from defective or scanty nourtsment, or disorders in 

the nutritive processes. 
Incontinentia. Incontinence; inability to retain a natural evacuation. 
Indol«nt. Painless tumor of slow growth, or ulcer with no tendency to heal. 
Indurated. More solid ttian normal; hardened. 
Znartia. Loss of power to contract. 

Inflammation. Heat, redness, swelling, and pain in a part. 
Influenza. A special epidemic, catarrhal fever, with inflammation of gastric, 

(EBoptittgeal. and bronchial mucous Hnd olfactory membranuH, with nerv- 

ooG puitis aad prostration. 
Infundibulum. Funnel-shaped. 

InfusoriA. Minute ciliated organisms; micro-organisms; protoxoa. 
Ingeeta. Thrown in; contents of the alimentary canal, as food and drink. 
IsgraTidatioa. Impregnation; pregnancy. 

Inguinal. Relating to the groin, or region where the tbigh joins the body. 
Inhibition. Momentary diminishing or stopping of organic activity through, 



r bad life. 



nervoita influence. 

Inorganic. Without oi^acs ; that which 

Inoaculation. Union; communication; 

Insomnia. Sleeplessness. 

Interarticuiar. Between joints or articulations. 

Intflrcellolar. Between cells. 

Intercostal. Between ribs. 

Int«rIobulnr. Between the lobules of a gland. 

Int«Tinittent. Ceasing and returning at regular or uncertain 
ague fever, and others. 

Interstitial. Between tissues; pertaining to 

Intertrigo. Cbaflng or esrariation between tv 

Intravaaation. Entrance of abnormal fluid 
lymph-vesBcl. 

Intravascular. Within a blood-vessel. 

Introversion. Turned inward. 

IschiniD. Tiie tower part of the hip-bone. 

Isomeric. Haying the same chemical formula, but possessing different phys- 
ical and chemical properties. 

Isthmus. The narrowed portion of an organ or passage connecting twc 
organs or passages. 



the 



integumental fleshy parts, 
to a perforated blood- or 



Jnpilar. Pertaining to the throat or jugular vein. 

Ingvlum. Pertaining to tixejugum, because fastened to the throat o 

rior portion of the neck. 
Jngnm. A yoke. 



Xataboliam. Destmctive process ; tearing down tissues ; degeneration. (5ee 
Anabolisui aud Metabolism.) 

Keloid. An irregular, reddish, firm, circumscribed, elevated connective- 
tissue growth on the skin. 

Kinetic. Effecting or involving motion. 

Kinetic energy. Energy which is essential to, or possessed by, a body or 
■ubatance. (fJee Potential tsanrgy.i 



e waste of H 
Kreatinin. A normal aitrogenous constituent of orine, derived from kreatia. 



Iiabium (pt. labia). Lip. 

Labyrinth. A structure of intricate winding passages; the internal 

formed by the vestibule, cochlea, and semicircular canals within 

petrous portion of the temporal bone. 
Lac. Milk. 

Lacerated. Tom or mangled. 
Lachrymal. Pertaining to tears; the lachrymal artery, celU. duct, fc 

giand, groove, nerve, papilla, eac, tubercle, and veins. 
LacteaL Milky; also, pertaining to the lacteal vessels. 
LactealB. Those lymphatic vessels that collect the chyle in the intestines, 
Lactic. Pertaining to or derived from milk. 
Lactose. Milk-sugar. 
Lacuna. A small opening, pit, or depression, especially of a duct oi 

surface of the mucous membrane. 
Lamella, or Lamina. A thin sheet, layer, or plate, 
lanugo. The soft, fine, rudimentary, woolly hair on the body. 
Laryngeal. Pertaining to the laryni. 
Larynx. The upper part of the trachea, or windpipe, containing the 

chords. 
Laxator. Having a loosening or relaxing power, such as that produced 

certain muscles. 
Lead-palsy. Paralysis of the extensor muscles of the forearm. 
Lens. See Crystalline Lens, 
Leaioa. Injury ; derangement; morbid change in structure or functi 

organ or tissue. 
Lathalia. Mortal; deadly; deep stupor. 
Lethargy. Heavy, constant sleep without a conscious interval of waking; 

deep stupor. 
Iisucin. White; a crystallizable, fatty product, from the decompositi 

albuminous (nitragenous) animal matter, often found in urine from disease 

of the liver, typhoid fever, small-pox, or muscular degeneration. 
Leucocytes. Colorless, small, cell-like, spherical and nucleated corpi_ 

oi protoplasm, having the power of amceooid movements, floating in Iym| 

and blood, derived from tl!e lymph-glands of the mesentery. 
Leucocythamplio. Increased number of leucocytes, accompanied by 

abnormally decreased number of red blood-corpuscles, 
Leucomainea. Poixonous animal alkaloids developed in the living body 

metabolic processes ; constituents analogous to ptomaines. 
Leucorrhcea. Wbite discharge, especially from the female genitals. 
Levator. Elevator; a muscle which raises the part to which it is attached. 
Lifa. Vitality; that enabling metabolism. 
Ligament. A white, strong, l^brous structure inveating the joint, or uniting 

bones, or retaining an organ in its position. 
IJgate. To tie, bind, or constrict a part of an organ. 
Ligature. The appliance used in ligation, or binding. 
Zdmbio lobe. The convolutions above and on the side next to the 

callosum. 
Limbua. An edge, or border. 
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XfxM. One-twellth of on inch. 

laioguft. Tongue. 

Iiiquefaction. Becoming iiquid. ' 

IiobulA. A small lobe. 

lioeua. Place; spot. 

Locua niger (subatatitia nigra). A lB.yer of dark g;ang1ionic cells in the 

crura cerebri, separating the crusta from ttie tejjnientuni. 
IiOgBritlim. Befening to equality of force, strtnglli, account, proportion, 

and number. 
Lucid. Bright; clear. 

Lucidu*. Bright; light ; glittering; sparkliRg. 
Iiombar. Pertaining to the loins. 
IfUmbar region. Sides of the abdomen. 
Iiiuiatic. An insane person with lucid intervals. 
Lunula Idim. oi luna, moon}. A email crescent. 
Iiut«ua, A, urn. Yellow. 

Xymph. The fluid within the lymphatic vessels. 
Zaymphatic. Pertaining to lymph, lymph tcbsijIs, or glands. 

JUL 
V. Metr«. 
KK. MilUuetre. 
moK. MicromiUimetre. 

Kacula. A spot or stain, without depression or elevation. 
ICagnua, a, urn. Ureat; large; iiowerful. 
Ki^or (from magntu). Bigger; greater; more powerful. 
Malic acid. Acid of fruit. 
Halignant. Dangerous to life ; cancerous. 
KalpigM. Relates to parts first described by Dr. Malpighi, an Italian 

omist of the Biit«enth century. 
Mamma (pi. matnmm). A breast; mammary gland. 
Kammillary. Nipple-like; relating to mamma. 
Mania. Insane excitement ; hallucination and delirium. 
Manubrium. Ullt, haft, or handle of anything. 
Maaa. Any quantity of matter that is composed of molecules, 
Maiaatgr. Chewing; assisting in chewing. 
Mastoid. Nipple-like projection, 
Matar. Mother. 
Matrix. A uiothcr, womb, or place of origin ol propagation of an animal, 

of tissue, or any substance, but never applicable to a woman or the womb 

of a woman. 
Mattar. Anything that occupies space or takes up room, or that can exert 

or be acted on by force. Matter may exist in mosses, molecuJes, or atoms, 

in either solid, Cquid, or gaseous form, 
KaxiUa. Jaw. 
MaatuB. Canal. 

Medulla. Marrow; marrow-like. 
Meibomian g:laudB. Small sebaceous glands on the margin of the eyelids, 

between the conjunctiva and the cartil^e, first described by Di. 

Meibomius. 
Kata. A prefix signifying beyond, over, after. 



294 

Metaboliem. Proceaa o{ change, alteration, metamorphoRis. It incltij 

anabulism and kalabolifim. (See Anabolism and KntaDolism.) 
MetamorphOBiB. Change of form, ahape, functign; iransforiaolion. 
Uetaphysica. The science of things above and beyond physics ; genera 

i^uipioyed as synonymoUH with mental philosophy. 
Hetre. A French measure, being 39,371 inches. 
Hicrometer. A acalo for minute meaaurement under the microacopo. 
Micromillimetre. The millionth part (0.000001) of a Tuillimetre. 
Hicroii. The one-thousandth pari (0.001) of a millimetre. 
Micro-orgaiiiani. A very minute organism. 
Uicturitioii. The discharge of urine from the bladder. 
UiUimetre. The one-thouaandth part (O.OOl) of a metre. 
Kitral. Resembling a mitre — t. e., a bishop's hat; name applied to the 1| 

auriculo- ventricular valve. 
Kodiolus (dim. of modiu*, measure}. The central pillar of the cochteft<| 

the internal ear. 
Kolecular attraction. Bee Cohesion and Adhesion. 
Uolecule. A compound of atoms; the smallest compound of i 

can exist by itself ; the physical unit of matter. 
KolUe. Soft; elastic; deUcute. 

Konomania. Insanity cooflned. to a single idea or subject, 
Horphology. The science of the forms and elementary constituenta of q 

sues, orguna, and organisms. 
MoriuB (Lat. mordeo), A bite; grasp; sting. 
Kortification. Loss of vilality- When the part of a soft tissue mortified Is 

recoverable, it is called gangrtru; if totally destroyed, or dead, rphacelui. 

Mortidcation of bone when recoverable is called cariet; when touJly dft- 

Huciu. The aticky, adhesive substance of mucus, 

Mu co-purulent. Containing mucus and pus. 

HucoBin. Klucin. 

HucouB (Lat. miicosui). Of tha nature of mucus; relating to mucous u 

Hucua. A eliuiy secretion of the mucous membraue. 

Huscularis mucosa. A thin luyer o£ unstriated mitscIe-fibreB forming pi 

of the mucous membrane, 
Xusculin. Chief albuminoid constituent of muscle. 
HfO. Relating to muscle. 
Vyolsnmia. A thin transparent sheet Buitounding the muscular-fibre; i 
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N. Stands for nitrogen. 

Kabothian glands, or otb. Small, yellowish glands having follicles v 
no orilice, occasionally distended by their secretion, found between uie 
folds of tnucoua membrane lining the cervix ut«ii. An anatomist named 
Nabotb, finding them morbidly enlarged, mistook them for ova, hence theii 
title. 

Narcotic. A substance producing lethargy or stupor. 

NecrOBis. Death of bone. (See Mortihcation.J 

Napliritis. InHammation oC the kidney. 

NerrB-flbrilln. The minutest nerve-fibres within and between nerv 
centres. Mauy SbrllUe together appear like a 



Nervoos. ReUtingto the nervous syetem, nervous centres, their stimulation, 
action, cicilation, and diaturbanciiB. 

'Venni* octKTua. Relates to certain nerve-fibrea contained in the nervua 
acusticua (auditory nerve), controlling muaculur equilibrium of the head 
and body, but not connected with the sense of hearing. 

N«ural. Relating to a nerve or nervous Bystem. 

NitroEon. A colorless, tasteless, inodorous, incombustible gas, T3 parts o( 
which, with 22 of oxygen, constitutes atmospheric air. It is the generator 
of nitre, hence its name. 

Nucleolus Ipl. nucleoli) The small nucleus within the nucleus of a cell. 

ITnclaua (pi. nuclei). A central differentiated part of the cell; a nut, or ker- 
nel within a nut, 

O 

Occiput. The posterior inferior portion of the head. 

Oculomotor. Mover of the eye, 

Oeolus. Eye. 

Odontoid. Tooth-like, 

(Edema. .Swelling of tissue from an accumulation of sei 

GBBopha^B. That portion of the alimentary canal ( 
pharynx lo the stomach, 

Olfitctorjr. Pertaining to the sense of smell. 

Omentum. A doubled membranous layer extending from the peritoneum to, 
and floating or laying over, a portion of the intestines. 

Ophtbalmic. Relating to the eye. 

Oa. Bone ; also moutli, as ot uUri, mouth, of the womb. 

Oscillation. Vibration. 

Obmoub. Bony, or resembling bono, 

Otaida. A small bone. 

Osaification. Formation of bone. 

Otic. Relating to the ear. 

Ozid&tion. Conversion into an oxide, as of metals or other substancea. 

Oxida. Neutral or basic compound of oxygen with a metalloid. 

Oxygen. A tasteless, colorless, inodorous gas, 22 parts of which, with T6 of 



■oua (Inid therein. 
IS tending from the 



ospher 



, One part by volume of oxygen with 



pabulum may properly be limited to 
8ub9tanc<is entering the oi^aniam be- 
chanced, and on arriving at the cells of 



Pabulum. Aliment; food. The t( 

tlie food of cells; t, «., the n 

come gradually more and t 

tissoea become protoplasm, o 
Palmftria. Referring to the palm of the hand. 
Papilla. Small conical eminence; nipple-shaped. 
Para. A prefix signifying beside, beyond, in addition. 
Par«nch7ma. The substance of glandular and other organs, composed of 

agglomerated globules united by cellular tissue, suL'h as the lung, liver, 

spleen, and kidney. 
PariataL Side wall of a cavity, especially the side of the head. 
Parotid. About or near the ear; relating to the salivary gland situated 

near the car. 
Patallar raflex. Knee-jerk. 
Pathetic. Feeling; sympathy; c 



! applied to the fourth pair of cranial 



PathoKenesiB. Production of disease. 

VAthageajtet. Minute organisms which can grow in the living liasuea, 
lymjjli, and in the blood; schizomycettH, 

Pathology. Tlie doctrine of disease, iia nalurc, and results. 

PediclA. Stem ; neck ; stalk. 

Peduncle. Stalb or neck-like procesB b; which an organ is attached. 

Pellucida. Clear; transparent. 

Pelvis. Basin ; large, irregular-shaped bone forming a conoidal cavitr, open 
above and below, aod enclosing the intestines, urinary and genital orgauB, 
its upper portion forming the hips. 

Peri. Prefix signifying around or about. 

Ptfricardium. A double membranous sac enclosing the heart. 

Perineum. The space at the inferior region of the trunk, between the iscbi- 
atic tuberosities, anus, and genital orKans, smaller in the female than in 
the male, triangular in shape, and divided into two equal parte, by the 
rapht. It is occasionally ruptured in labor. The pari between the puden- 
dum and anus is called anterior perineum, to distinguish it from the part 
extending from the anus to the <M>ccyx, called posterior perineum, botl 
the anterior and posterior are marked by the raplte (suture of the akin), 

PeriOHteum,. Fibro- vascular membrane surrounding or lining the bones. 

Peripheral. Pertaining to the outer surface. 

Peristaltic. Bhythmical vermicular motion of the intestine propelling it 
contents, termed peristalsis or peristaltic motion. 

Peritoneum. A strong extensive eerous membrane surrounding all the vi>* 
cera of the abdomen, lining the diaphragm, and through its oriBces cois* 
municating with the pleura above. Below it lines the abdominal cavit 
anteriorly it is doubly reflected, forming the omentum, also the niesente 
and ligaments of various organs; it passes over and surrounds the (jreaio; 
port of the bloilder and uterus. 

Peritonitis. Inflammation of the peritoneum. 

Perversion. Turning or changing from good to bad; depravation; t 
the wrong course. 

Petrous. Stone-like ; referring to the hard, stone-like portion of the temporal 
bone in which is situated the or^an of hearing. 

Peyer. A Swiss anatomist who flrat described Peyer's glands. 

Phagedenic. Gangrenous, 

Fharyngeal. Belonging to the pharynx. 

Pharynx. Cavity between the posterior part of the tongue, nasal cavity, and' 
cesopliagus; the uppvr portion of the food channel. 

Phonation. Voice producing. 

Phosphate. X salt of phosphoric acid. 

Phrenic. Diaphragmatic ; relating to the diaphragm. 

Phthisis. Tulwrcnlosis ; any pathological process causing continuon* 
change and destruction of the lung or other tissue. 

Physical change. A change not altering the identity of the molecule <Se» 
cheuiieal change). 

Pia Hater (tender mother). The vascular, delicate, plesiform membrunt 
or immediate covering of the brain, penetrating its aulracuosities, and tba 
continued envelopment of the spinal curd. 

Pigment. Coloring matter. 

Pilocarpine. The active principle of jaborandi; a powerful sudorific. 

Pilua {pi. pili). A hair. 

Pinna. Wing-like ; brood part of the external ear. 

Pituitary. Slimy; phlegm' like ; relating to the secretion of mucus. 

Plsnta. Sole of the foot. 
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Plastic. SabmieBive to formation or nutrition; yielding. 

Plethora. Eicesaive lalness of the blood-Teaaels, 

Pleura. The closed serous sac lining the internal surface of the thorax, 
divided by a septum (the mediaatioum), each tac surrounding a lung. 
|. Plexus. A netnork. 
I Fueuiaaticua. Windy ; relating to air. 
I PQeumogastTic. Pertaining to the lunga and stomach. 

Pneumothorax. Accumulation of air in the cavity of the pleura. 
^ Polypiis. A tumor on the mucous or eeroua membrane within a natural csv- 
I ity, attached by one or more pedicles, occurring generally in the nose, 
I vagina, nterus, or rectum. 
K Pons. Bridge. 

I Pons Varolii. A bridge-like structure of the brain described by Dr. 

n Varolius. It is a thick, arched band lyine across the braln-etem between 

n the medulla oblongata and the crura cerebri. The nerve-flbrea from the 

brain downward, and the spinal uord upward, pB^sa through the pons. 

Portal (porta, door). Relating to the portal vein or portal syatem. 

Portio dura. Hard portion ; the facial nerve. 

fortio mollis. Soft, tender portion ; the auditory nerve. 

Potash. Vegetable alkali, obtained in an impure etate by the incineration of 
a vegetable. 

Potential. Having latent power, which may or may not be used in future. 

Potential energy. Dormant energy, requiring favorable conditions for its 
manifestation ; accidental energy, (See Kinetic energy.) 
I Preecordia. Parts in front of the heart. 
I Prima via. The alimentary canal from mouth to anus. 
I Principle. The chief part ; fundamental substance. 

Prism. A rectangular body having generally three rectangular plane faces, 
or aides, and two rectangular eude. 

Process. A prolongation or eminence connected with the principal part of 
an organ, 
■■ Procidentia. Prolapse. 

Pro^osis. Tbf knowledge of the course and termination of a diaeasc. 
I Proliferation. Reproduction; cell-division; budding; gemmation, 
' Prolific. Productive; abundant. 
' Prominentia. Eminence ; protuberance. 
' Prophylactic. Preventive. 

Prostate. t>tanding before. 
I Protoblast. Protoplasm. 

H ftotoplosm. Matter that is alive; the essential to the phenomena of all 
I organic life ; cell matter. 
E n«tosoa. Single-celt animalcnla. 
r Protuberance. Eminence; projection; pons Varolii. 

Proximate. Nest in order; nearest to. 

Psychical. Relating to the soul or mind, 
I Psychical blindness. Sou I -blindness, 
t PsycholoKT' Boctrine of the human soul or mind. 
k Ptoma. Corpse ; carcass. 
I Ptomaine. The principal actine snbatance ii 
vegetable tissue or motter. The ptomaine 
the albuminoid (proteid) is to the living. 
Ipublc. Belating to the pubes. 



. Tbe bonr nA ftbova Ihe cxtcnul pvia <rf Oa E'oi'*' orgvu. 
ids. Extonal Kcniul ofxaaa of th* kMsle. 
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Fncr dna to ptM abaorbed into the blood. 
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Qwui. Aaif; hanns tbe Rwmblanoe of a 

BAcemooa. Clostered; in bnitches. 
Bjn^hia. Veitebnkl colamn ; apiae. 
Ba c hitia. Inflamroatica of tbe nan& Dcfcctna aariScatlaa with o 

dietoftion and b**"*™; of tbe bonea ; the ricfceta. 
Badiation. Tbe trattmuMion of ntetjgr Hmn^ the tBedinm of « 
BAle. Battle ; crepitatioD ; ttioDcluia. 
Bam.! flea tion. Branching, 
Barafaction. Expansion. 

Beceptacnlom. A receptacle. _ 

BeEracUon. Turning or deriating from a direct coone oa enterisg a n 

of liiRerent density. 
Begioa i phrsiologically). The tra«t ; extent ; or ai 
Begtirgitatioii. Flowing back; reflux. 
Banal. Belating to the kidneyt. 

Baaonanca. lacreaae of cound b7 echo or vibrations of tbe walls ot a 
Baaiiform. Cord or rope-shaped. 
Bete. Net; interlaced with fitoea, veaaels, or nervea. 
Betiform. Net-like. 
Betrahena. Drawing backward ; name of a moade on the back part of ti 

external ear. 
Betroflaxion. Beading backward, especially of tbe titeros. 
BetrOTeraion. Turned backwards; term applied to that position c 

utertu where the fondos is incliiied toward the em: 

the pubis. 
Bhachitia, See Baciiitts. 
Bhomboid. Foor-aided, with opposite angles equal, bat with the front iJ 

Bhonchua. A rattling or wheeling sound. 

Bhfthm. Regalar and sncceaaive hormoaious morements. 

Bickata. See Rachitis. 

Bigor. Senaationof cold, with involuntarj shivering ; chill. 

Bima. Fissure; cleft; furrow, 

Bima glottidia. The slit or opening between the vocal chords. 

Bolando. An anatomist of Piedmont, Italy (about 1773}, who dea 

so-called fitture o/ Rolando. 
Buga Ipl. rugs). Fold or wrinkle. 



mi tbeoa t 



^ the saphcnoi 
n only grow i. 



dead or decaying 



8Bccli»riii. A n-hite crystallinE 

neas lo about 300 times ita we 
Sacchamm. Sugar. 
Saccule. A amall sac. 
Sftcrai. Pertaining to the iacnim. 
Sacram. Wedge-shaped bone formed by the union of five vertebrie, attached 

to the lB«t lumbar vertebnc and coccyx, and forming part of the pelvia. 
Saifitt&l. Resembling an arrow, 
B&agius. The blood. 
Sanioua. Thin, bloody matter of an ulcer. 
Saphena (saphenous). Superficial, such a. 
Saponify. To convert into soap. 
Saprophytes. Kf inute oi^aniams which ci 

mAtter; Bchizomycetes. 
Sarcoid. Resembling fieeh. 

SarcoI*mma. The delicate, colorless sheath surrounding the muscle-fibre. 
Barcoma. Fleshy tumor, with either spindle-shaped, rotind, or giant cells. 
Bcala. Stairway ; name given to the spiral pasaage-ways within the cochlea. 
Scaphoid. Boat-shaped. 
Scarf-akin. Epidermis. 
Scbisomycetea. Parasitic schizophyta devoid of ch'oropbyll, including all 

minute organisms known as bacteria, micropKyUt, microbes, and other forms. 
Schizophyta. Common name of both groups of schleomycetea and algtc. 
Sciatic. Relating to the ischium. 
Scirrbus. A firm, hard, carcinomatous tumor. 
Scrofula. Predisposition to hard, indolent, glandular tumors, often sappur- 

ating slowly and imperfectly, healing with difficulty, and usually occurring 

on the necK, behind the ears, and under the chin. 
Scurvy, or scorbutus. A morbid condition marked by inflamed gums, 

loosened teeth, hsmorrhagic raucous surfaces, purpuric eruption, and de- 
pression, with general auEemia. 
Sebaceous. Pertaining to sebum, 

Sstaum, Suet ; a soft, white, fatty, oily substance secreted by sebaceous glands, 
S«ction. A cut; severance; division. 

Segmentation, Separation ; formation or division into segmento. 
Etomilunar. Crescent-shaped; ballmoon-shaped. 
Senile. Pertaining to old age; feeble. 
SepsiB. Infection of putrefactive poison. 

Septicaemia. Disease aggravated by absorption of pus or putrid matter. 
Septum [p(. septa). Partition; separating wall. 
Serous. Pertaining to serum, or serous membrane. 

Serous membranes. Membranes lining closed cavities secreting serous tluida. 
Serrated. Toothed, like a saw. 
Seruni. Watery portion o[ animal fluids. 
Sigmoid. Resembling the Greek letter " S," called sigma. 
Sinew, Tendon. 

Sinus. Cavity with narrow opening. 
Somnambulism. Walking or other actions while asle«p, with consciousneaa 

BQSpended, but with the mind and other faculties active. 
Sopor. Deep, profound sleep. 



Soporiflc. Indacing sleep; bypnolic. 

Spaam. Sudden, irregular and involuntary contractions of inu!c1ea, due to 
redex action of tbe spasm -centre in the medulla oblongata above the ala 

Sphacelus. Gangrene ot soft tissue, wilb complete deaib of tbe pan. (See 

Mortification.) 
Bphenoid. Wedge-shaped. 
Sphincter. A muscle tbat surrounds and cloaes an orifice by contraction of 

its edj^es. 
Sphy sinograph. An instrument lor measuring or recording the rate, lorce, 

extent, and variations of tbe pulse. 
Sphygmua. Pulse. 
Spiaous. Shape ol a spine or thorn. 
Spirillum. Spiral schizomycetes. 
Splttncbnic. Relating lo tbe viscera. 
Splenic. Periainini; to the spleen. 
Spontaneous. Evolved by itself, without any assistance or any manifeat 

Squama (pf. squamie). Scale or tb in scab. 

Squamoui, Scaly. 

Stasis, stagnation without morbiiJ condition. 

Stenoais. Narrowing or constriction ol an orifice or canal. 

8t«rile. Not productive; barren. 

Sthenic. Strong; opposed to asthenic. 

Stimulus, Ttiat wbicb excites or arouses energetic action. 

Stratum. Layer. 

Stria (pi. strircj. A channel, groove, or (urrow. 

Stroma. Tissues thai constitute tbe groundwork of an organ. 

Struma. Scrofula. 

Strumous. Scrofulous. 

Stupor. Diminished activity of ibe intellectual faculties; insensibility: 

letburgy. 
Sty, styan, or stye. Hordeolum; absceasot the eyelid. 
Styloid. Poiiiled ; shaped like a pin or peg. 
Subarachnoid. Beneath the uracbnoid. 
Subclavian. Under llie clavicle. 
Subcutaneous. Under tbe skii>. 

Submucous. Part ol the membrane just beneath the mucous port=oa. 
Sudor. Sweat ; perspiration. 
Sudoriferous. See Sudoriparous. 
Sudoriparous, Producing or secreting perspiration. 
Suet. Sebum. 

Suffusion. Spreading or flowing over ; slightly di&used oongectloQ. 
Sulcus {pi. sulci). A groove or lurrow. 
Superciliary. Situated or lieing above the eyebrow. 
Suppuration. Formation of pus. 
Supra. Above. 

Supraclavicular. Above the clavicle. 

Suprarenal. Above the kidney. ^^^ 

Sylvian fissure. Deep, narrow groove or furrow (sulcas), parting tbeaatM 

and middle cerebraf lobes. 
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BynchondrMia. Union or artictilatioo of bonea by mtervening cartilage. 

Byncope. F&intlng or swoonlnf;. 

Bysavin. Fluid secreted by a synovial membrane. 

T 

Taboa. Wasting away; emaciatioa. 

Tab«B dOT«alis. Wasting of the posterior colmnns of the spinal cord, pro- 
ducing locomotor ataxia. 
TnniA. A tape; tapeworm. 
TaliAcotiui operation. Rhinoplasty; an operation performed by Dr. 

TaliacDtiue, an Italian surgeon, m 1575. 
Taorin. A colorless, cry stall izable substance in bile. 
Ten^or&ment. The condition of the system with reference to either one o( 

the four forms of disposition, or thcjr coaibination, viz.: bilious, lymphatic,, 

□t:rvbus, or sanguinons. 
Temporal. Relating or belonging to the temple. 
Tendinoua. Pertaining to tendon. 
Teadon. Cord or sheet of condensed fibrous tissue connecting either mnecle 

to nitucle or to Ixtne. 
Teneamui. Frequent and painful straining and sense of desire for defecation 

or micturition, generally without discharge. 
Teatoriom. A process of the dura oiater across the ttack part of the cranial 

cavity separatuig the cerebellum from the cerebrum. 
Teaaallated. Formed into squares ; checkered. 
TetaTius. Spasms, with rigidity in paroxysms of tonic convulsions of the 

muscles of the jaw, spinal region, and limbs. 
Taxture. The interweaving or arrangement of the tissues of an organ; 

Thema. Heat. 

Slioracic. Relating to the chest. 

Xhorftx. The breast cham1;er, formed by the ribs and coetal cartilages, spinal 

column and sternum, between the neck and abdomen. 
Thrombiu. A blood-clot formed during life in a vessel or tissue. 
Xhymna, or thymus gland. An oblong, bilobate, soft, glandular body, very 

variable in size and color, large in the fuetus and child, but small or not 

apparent in the adult, situated in the upper separation of the anterior 

mediastinum, containing a milky fluid. Its function is unknown. 
Thyra. A gate. i 

Thyro. Prefii referring to the thyroid cartilage. 

Thyroid. Shield- or wedge-ahajied. , 

Topical. Local. 

Tormina. Twisting, griping pains in the bowels. 
Torpor. Numbness ; debility ; sluggishness. 
Toxical. Poisonous, 
Trachea. Fibro-cartilaginoua air-tube eitonding from the larynx to the two 

bronchi; windpipe. 
Tractoa. Tract. 
Traoandation. The passage of fluid through tissnes, which may collect 

(sweat-like) in small dro[)H on the opposile surface, or evaporate from it; 

passage of blood through the vascular walls ; oozing through a part, 
Tranma. A wound. 

Traumatic. Relating to a wound or injury. 
Triduna (pi. trichime). A minute, hair-like worm. 



Trichina apiralis. The trichina found in rooscles of uiimals, eeped^IIj il 

Tricuspid. Having ttiree points. 

Tri&cial. Term applied to the fifth pair of cranial nervee; trigeminTU. 

Tri^miuuB. Threefold ; tbe fifth pair of cranial nerves. 

Triemus. Lockjaw; t«IanuH limited to the neck and jaw muscles. 

Trochlea. A pulley; a aurface grooved like a pullev. 

Trochlear nerve. Fourth cranial nerve (patheticus) ; the motor nerve foc ] 

the superior oblique muacle of th« eye. 
Trophic. Relating to nutrition. 
Tuborcle. Small, rounded eminence. 
Tumefaction. Act or process of awelling. 
Tumevoence. Process of blowing up or swelling. 
Tumor. A circumscribed abnormal new formation of tissue. 
Tunica. A coat, or tnembranous envelope. 
TurgeacencB. Swelling. 
Tympanum. Cavity of the middle ear. 
Tyrotoxicou. Micro-organism; cheese poison. 

TJ 
Ulcer. A solution of continuity of 8oft parts, with loss of substance, prodnt-J 

tion of granulation- tissue and secretion of pus. 
Umbilicus. The navel. 
Unciform. Hook-shaped. 
Uncinate. Hooked. 

Unicellular. Composed of only one cell. 
Unilateral. Kelating to one side only. 
Unipolar. A centre-coll witb but one prolongation. 
Urwmia. Accumulation of urea in the blood. 
Urate. Compound of uric acid with certain bases, such s 

potasaa, ammonia, and lime. 
Ureter. A tube from 15 to 18 Inches long, with the diameter of a 

conveying urine from tbe kidney to the bladder. 
Urethra. A membranous canal conveying urine from the bladder to the 

external orifice of discharge. 
Urinary. Pertaining to urine or the urinal organs. 
Uriniforoua, Conveying urine. 
Uterine. Pertaining to the utema. 
Utema. Womb. 

Utricle. Small sac or cavity in the vestibule of the internal ear. 
Uvula. Conical organ at the soft, free edge of, and pendent from, the palate 

in tbe median line above the larynx. 
V 
Tagina. A five-inch tubular canal extending from the vulva to the uterus. 
Tagus. Wandering; the pneumc^astric nerve. 
Valvula {pi. valvule). A little valve. 
Varicoae. Pertaining to varix. 
V&rix. Permanent dilatation of a vein. 
Va« {jii. vaaa). Vessel. 

Vaacular. Pertaining to or containing vesselB. 
TaiO'dilator centra. A centre in the medulla oblongata, the stimnlntion of 

which produces dilatation of tbe blood-vessels. 



3 salts of Boda, 



Vnso-inMbitory c«ntr«. Bee Vaso-dilator centre and Vaao-motor centre. 

VKAo-motor. Causing contmctiona of blood-vesaela. 

VftBO-motor centre. A cenire in the medulla oblongata giving origm to Ih* 

Vein, vena, phlebs. Veaaets conveying blood inward toward the heart. 

Tena (pi. venie}. Vein. 

VeneMcUon. Opening a vein; blood-letting. 

Veuoiui. Relating to veins. 

VentricoluB. Ventricle; a cavity. 

Vermicular. Eesembling a worm or its movement. 

VenmforiD. Worm -like. 

Vesica. A bladder, 

VeucaL Pertaining to a bladder or cyat. 

Veaicle (Lat. veaicula). A emiiU bladder, generally containing fluid. 

VasicO'Tagiiial. Relating to both bladder and v^ina. 

Vastibola. Entrance. In German called Vorhof. 

ViUooa. Provided with villi. 

Vniua (pi. yitli). Velvet-like; fine, hair-like projections, especially ot the 

inteetinal mucous membrane. 
Yirvm. A sabetauce, the result ot a morbid process, capable oE producing 

disease when inoculated; the active agent in the production of any infec- 

tiona disease ; a poison, 
'nacid. Sticky; sdheaivo. 
Vlacna (pi. viscera). The organs contained in any of the three great cavities — 

crania^ thoracic, and abdominal, especially the two latter. 
Via Titee. Force of life; the vital power and its effects. 
Vital. Relating to life. 

Vitellin. The principal proteid in the yelk oE egg. 
Vitelline. Relating to the yeik of ^g. 

Vitelline membrane. A very thin cell membrane of the ovum. 
ViteUuB. Yelk Cor yolk). 
Vitreons. Glassy; hyaline. 
Volar. Relating to the palm of the hand. 
Volition. The act of willing or choosing. 

w 

Toorara. Avery destructive poison of Guiana, which contains strychnia; 
curare; a South American arrow poison. 

X 
XLphoid. Sword-shaped. 

Y 

Tallow elaatic tissue. Certain connective tissne fibrillce, in thickness up to 
about 11 mmm, anastomosing with each other, found especially in the 
inner coat of arteries and lining of air-pasaages. 

z 

Zona. A girdle; envelope. 

Zone of Zinn. The anterior thickened portion of the hyaloid membrane at 

the margin of the crystalline lens. 
ZynM. Ferment. 

Zymogenic. Producing fermentation. 
Zymosis. Fermentation. 
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extiuneion at in respiration. ... I 

reflex action ot, 142, S 

respiration in inflammation of, 1 
Rcat of leeion in paralysie of, . . I 

AhduccoB nerve 135», 170, 1 

i&bortion, degned 2 

simulation of 265, 266, £ 

eospicionof, ! 

A hsctes, defined S 

Absorbent systemj defined 

Abtorbenls, functionB of, 

Absorption, by lacte&ls 

by iymphatics ' 

cautie of dimintehed, 



B of,. 



favored by alkalinity of juicci 

Acarne lolUcnloruni 

Acetate, deGne d, .. -. 

Acetate of lead, action on tlie livei 
Acetates (vegetable), changed in 

the blood 

Acid, Dbnormal secretion of, 



effect on Bbroiia tissue ! 

carbolic, action on muscles i 

carbonic, defined i 

etiniulus 91, 

vegetable nutrition 

condition, effect ou tissues. ... i 

diminished 31, 

fluids, number nf 

gastric, neutralised in duifde- 



of,. 



h)rdrochloric,of gastric juicc.SI, J 

increased 3], 38, 41,51, i 

lactic, change of in stomach. .41, 1 
origin of : 

of gastric juice '• 

of the body, a cause of,. .. ,38, 2- 

(d vital tissue 51, 2' 

pbosplioric. in the brain li 

production of, 38, 1! 

secretions 31, 38. 40, 41, 51, : 

tannic, action on collfigen 

effect on digestion 1 

tartaric^ . , , 

otic, origin of,. 

!0 



Acid, vital tisane 51, 248 

Accommodation of the eye. . .193, 277 

accompliahed by, IW 

changes for distance 194 

limits of, 194 

nerve 174 

range of, 194 

tune for, 194 

Aconitin, action on cells 66 

Achroiuatic 277 

Acorn, starch of 49 

Acoustic nerve{See Auditory Nerve). 

Action and reaction, effect of 114 

Addison's disease 240 

Adhesion, defined 277 

wealieued by heat 119 

Adventitia 95 

.Ether 196,274 

.£iialogy. defined 278 

Afferent nerve-lilires 72, 148 

After-birth 265» 

After-image 196,278 

After-sensation 169, 196 

Afieusia 182 

Ague-lever, temperature of, 123 

Air, amount renewed in lungs.. . . 106 

amount required 107 

cells 40,101 

change in respiration 108 

diffusion of, Ill 

expired 108 

inj^ulficient oxygen or, 107 

sound of, 219 

vesicles 101 

Albumen 26 

amount in blood 27 

and its water, coagulation of,,. 27 

coagulation 27 

distingui sited from albuminoee 53 
distinguished from peptone.. .. 53 

in blood, property of 27 

in the body, importance of,.. .. 116 

low respiratory excitant 113 

of bloud, necessity of, 82 

origin of, 50 

Of egg 26 

peptone 52 

quantity in blood Si 
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AlbamtDoida, claeaifled 54 

componitioa of 54 

deSned M 

dialLnguisbed from albuminoua 53 
origin of, 50,54 

eimilftritr to fttksloid 54 

AlbuminoM 26 

nbsoiption of, 52, 63 

difltinguished from albumen . . bS 

fonnation of, 50, 52 

osmoeis of ^ 

Albuminous intermediate sub- 

HUnce of tissues 272 

mattvr, catalytic action of, a? 

coagulation ot, 27 

defined 26 

distinction from albuminoid 63 
evaporation of moisture... 26 

importance of 26,82 

in the liver, change of 63 

Bolidifles 2U 

proximate principles, uoogula- 

deHned .'.'.'.'."..'.',.".'...'.'.'.'!." 26 

Bubstonces derived from, 26 

in urine 2« 

Albnminttria 278 

Alcoholic beverage, effect on 

Btomoch 41 

on the iris 190 

injures mucous membrane. 52 

Alimentary cana! 47" 

defined 278 

division of, 46 

epithelium of 44 

mucous membrane of, 39, 65 

oriinnol 260 

secretions of, 68 

Algwt 273,278 

Alkali, action on muscles ^t-^ 

on the skin 

classified 

defined 279 

(strong), effect on blood cor- 
puscles 7B, 81 

Alkaline carbonates 29 

absorption of, 

phosphates 29 

salts, absorption of 56 

derived from 31 

excretion of 31 

importance of, 31 

in urine increased 239,249 

oripn of 31 

secretions 73 

sulphates • 29 

Alkalinity, diminished **■ 

incres^ed 

Alkaloid 279 

Allanloia ""' "'" 




Aloes, action on tbe dog's liver... 66 
Alveoli, membrane of, 40 

of the lungs... lOl. 104* 

epithelial cell* IW 

number of, IM 

Alveolus o[ the lung, dtaoiffter of, IM* 
Amaurosis a79 

from indigestion 141 

Ammonia 179 

action on blood .79. Bl 

on muscles Mft 

asvegetable nourishment 21 

eipiretl, IM 

use of in plants 23 

Ammonium chloride, action on 

dog's intestine 68 

phosphate action on dog'sliver 66 

Amnion .261. 279 

Am<Eb8, reproduction of 251 

Amivboid movement SO, 81, 27t 

Ampliiiide 279 

of sound 213 

Anipullieo(theear-202*,208*,2DII,27B 

Amvloid 33, 27B 

Anabolism 115, 248, 27tl 

Aniemia 38,42,81, 106.280 

Analgesia 146,180 

Anasarca, a cause of, 78 

AniLtomic eteioent, defined 24 

function of 24 

nerve-fibre supply of 144 

Aneurism 280 

Aneins pectoris 280 

Animalculie of water 9* 

Animal, cold-blooded, respiration 



of,. 



110 



heat, prodactJon of, 114, 110 

instinct 128 

life, dependence on oi^ans 23 

no nervous system in the lower, W 

no reasoning faculty of, 128 

organic activity, vital princjcje i 

of llftl| 

respiration of, under water... . lUv 

sensation in iwl 

vitality of iVd 

AnO'Bpinal centre URM 

Anterior chamber of the eyeball. U8^fl 

pyramid of the medulu l^^^V 

Anus, origin of the, Mi 

Bpmal cord centre of the 15& 

Aorta 8»», 90*. W 

Aortic plexus """ 
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220,389 

Apncett ■"" 

Apomorphia „ 

action on pulmonary membrwM 1 
Aponeurosis of mnscles. . *~ 

Apoplexy , 

pulse of, 
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ApOf^exy, qaichest relief of, 70 [ ArLicalatioa (Hpeecb), defined 220 

when immediately fatal 136 . muBcles of, , . 217 

Apparatus, deSned 24 1 Artificial respiration 275 

Appetite kflected by reflex action. 141 ' Arvtienoid cartilage ^18* 

a natural guide for food 61 | Asphyxia ...107, UO, 136,281 



unnatural, symptoi 

Aqueduct cochleans 2M 

of Sylviuei 127* 

Aqueoiia humor of tlie eye 186' 

Arachnoid roembrane 153* 282 

Area germiuativa 260 

Areolar tissue 2S1 

Argeutum uitrns 281 

a&ecLing the skin . . 225 

Aigyria 225, 281 

Arrow-root 49 

Arteria centrslia modioli 210 

Arterial blood, clots of, 86* 

constituents given ofi, 106 
red corpuscles of, ... . TD 

temperature of, 119 

capillaries 94 

coat, tanica adveutitia ' "' 



a of,. 



94 



media ol M 

contractility 95 

elaeticit]^ defined 95 

periatalsis 95 

pulsation, cause of, 95 

vessels, retculation of, 72 

walla, distinction of, 95 

Arterioliuttion 281 

Arteriea 88.04 

anterior cerebral, 128* 

buUar 128* 

Uood-clot of ligated, 85, 86 

blood velocity in, 83 

faioncbial, "" 



..128'" 



floronury, . . 

defined 

distinction 

function of, 94 

hepatic, B2 

Internal carotid, 127, 128" 

ligation of, 85, 86! 

of the eye 192 , Bed- . 

DTarian, 2.^ Belladonna, 

permanently distended. 



promote reeptration ii 



Aesimilation 
eof,. 



231 



AIM _ 

Ataxic aphasia 137,221 

Atlas [vertebra) lftl« 

Atom, defined 281 

energy of, 118 

Atomic theory, ether in accord- 
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Atrophy, defined 281 

Atropia, action of, on pulmonary 

membrane 40 

action of, on the iris 125, 100 

Auditory area 216 

centre 216 

external meatus 200,201* 

secretion of, .... . 227 

eanglion 131 

internal meatus 180*, 201* 

nerve 136», 170, 180*, 201» 

terminals of, 215 

Auricle of the ear 200 

Auricles of the heart 80* 

Axilla, glands of, 227 

Axis-cyunder 144" 

process 138*,282 

termination of, I46» 

Axis (vertebra) 151* 

BaciUoa 273,282 

Bacterium 273, 282 

Baer, vesicles of, 2.t6 

BaptiBin, action of 6S 

Baaal ganglia 131 

defined 28Z 

Base, defined 238 

Basement membrane 43*, 282 

Basilar membrane 211*, 282 

Baas tones 219 

difficult than crescendo 220 
. 273 



„ 85 

posterior cerebral, 128* 

communicating, 128* 

property of 95 

pulmonary, 90*, 102', 104" 

renal 234*, 235* 

spermatic. 



of,. 



wrrtebral, 127, 128" 



n of, o; 



brane 40 

Bell's paralysis 179 

Bile, a cause of vomiting 55 

action of, 64, 65, 66 

on chyme SO 

on pepsin 50 

on peptones 50 

an antiseptic 06 

bilirubin of, 34, 35, 84 

biliverdin of, 34, 36,64 

color ofj 64 

origm of, 62 

composition of 64 

— ' Becretlona of, 72 



Bile, decom position of, 

defective, effect on blood 

diairhiBa from, 

duel, orifice of, 46. 68* 

ducts, fnnrtion of, «4 

impaired, reiult of, 63 

emaciktion from defect of, 65 

flow, cause of, 64 

htemoglobin in, secretion of,.. 106 

in blood, action of, on cells 65 

on the pulHe.., 6-i 

effect of,.. 122 

in stomach causes vomiting... 66 

material for 62 

neutral in reaction 61 

obstruction, effect of, 63 

precipitating ^psin B^ 

pun;ative action of, 65 

quantity secreted 64 

ialts absorbed 66 

a natural tonic 65 

secreiion 64 

apparatus 62 

depressed by lead acetate. . 66 
humi^lobiD required in,. . . 106 

increased 5S 

normal stimulus ot 67 

Bpecilic gravity ul, 64 

Biliouaneas, a cause of 6S 

Bilirubin an albuminoid 34 

from hiemoglobin 65, 261 

material tor 62 

origin of 36, 70 

property of, , . .35, 64 

Bilivenlin an albuminoid 34 

origin ot, 36 

property of, 36, 64 

Bioplasm, defined , 2Bi 

Bipolar cell'processee 138* 

Black heads of the skin 239 

Bladder, (urinary), 239 

acidity, effect of 156 

contraction, cause of, 124 

iuputse of, 166 

inflanimation, effect of ;56 

mucous membrane of 39, 41 

muscular fibres ot, 246, 250 

nerve supply of, 156 

paralysis of 165, 156 

npinal centre ot 15.". 

Blastoderm 260, 282 

Blindness from lesion of the cor- 
pora quadrigemina 131 

in hemiplegia 173 

Blind spot on the retina 196 

Blood 79 

albumen, amount of, 27, 81 

origin of 52 

quantity of, - 27, 81 



Blood, amount, venation ot,.... 

arterial changed 

average velocity in arteries. . 

bile in. result of _ 

carbonic acid ga* absence Id,. . UV'J 
certain matters retained (or 1 

jearain. «l 

changes in 81. 100, 104, m-] 

in the lungs, IM 

in coagulation 8S 

circulation 88 

efTect of disturbuice (rf 271 

of the body, time required. . 8S 
retarded, effect on while 

corpuscles, n J 

velocity of, ^ ViH 

where shortest tt'B 

clot JQ.aifl 

arterial JBP^B 

composition ot, ^^| 

coagulation of, during life 8t ^| 

aftcrdeath A.fl 

color of, BO ^B 

composition of fU, SB 

concentration in the heart, itn- 

portanceof 83 

constituents, alteration of, 83 

corpuscles .79, 80* _ 

■mount by weight ot,., . ... Tt ^m 
broken up in spleen... 62, 69,^*9 

of lymph-glanda 81, MM 

of the spleen W, H S 

origin of 9^1 

of white Jt6,H>H 

quantity in blood ^^-1^1 

by volume II'l^H 

red, 78.80. tot fl 

unwmiaof, !»■ 

color of, IK^^I 

hiemogiobin of. UI^H 

oxygen Bttraclioa of 1H"^B 

white, 77,80,81,81 

attractionot 87 

derived from lymphatic 

glands 77,8I,W 

Uumt)erof 81. 8f 

Biieof, , 

current, variation of 

defective, result oi, 

defined 

derangement, a cause of,. , 
deterioration prevented, .. 

disintegration of, 

effect ot bile in, 

fibrin 

coagulation rk, 

disappearance in 

importance of 

origin of, 
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loaa of weight caused by urine, 
respiration, and perspi- 
ration 231 

of the epididymis 2S8« 

physicai laws of 92 

subdivisions oi. 24 

weight reduced from wwit of 

bile salts SS 

Bones, cunsiitut^nts of 270 

flexibility of, 30 

gelatin and salts alisorlxHl by.. 83 


in CSWllariM .' 95 

in cblorueis S3 

in memlM 82 

movement, rate of 82, 83, 95 


plasma. 79 82 


carbonic acid of, 108,111 

coMtituenta of, 82 

deBned 82 

poison effect on ififferent llMues 83 

retained, &i 

propukioD, force o( 95 

qnantity, lose of in fatal bfcmor- 
rhage 83 






netrosisof, 270 

origin of, 260 

stapes, 202*, 203, 204 


Bowman's capsules 234, 235*, 282 

Brain 125, 126*, 130* 


retnrntotheliettrt.necessityof.lOO 

•alts, imporlMce of, 82 

quantityof 81 


albuminous matter of, 127 

analyzed 127 

anterior lobe of 126» 

bloodsupplyof 127 

cells, meutal exertion effect on, 248 

centres 130* 

protected from overirrilalion 160 


Bolids, quantity of 81 






' temperature, high, effect of,. ..119 
velocity, where greaieet 95 


cerebellum, I2fi». 132 


circulation incn-ased, result of, 169 

commissure 12.i», lan 

convolutions 128», 130» 


capillaries 83, 95 

carotids 83, 95 

heart 83 


fat of 127 

hemispheres _ Iffi" 


yeina 07 


insane, salts of, 127 

medulla oblongata. .126», 134, 135« 
meilullary substance, structure 


venona, changes of, iW, 106 


veweia fatly d^eneration of,.. 273 


muBCular abrcB of, 2«, 250 


middle lobe of 128* 

motor nerve-Hbres, tract of,.. 130 
nerve-fibres crossing 164 


regoltttionof 72 

waste mMtcre, quantity of,.. . 81 
water of, protected from evap- 
1 oratioD 223 




salts of 127 

sensory nerve-fibres tract .130, 131 


when unfit for nutrition 83 

' (while) disease .. 81 

Sody activity, food required for, .. 110 

(BiUtionof 209 

color of... 35,222 


Breast 262 

Breathing, di(ficult,acause of..... 116 

Brighl's disease 121, 240 

(chronic) temperature in, 122 
normal temperature in., . 121 

formation of , . . 254 

Bronchi, formation of, 101, 102" 


deranged from food 33 

disMlution of. 273 
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Bronchial Becretion 40 

tnbeB 40,282 

diameter oi «, 101 ! 

epiiheliuw of 43 ! 

membraiDe of, ■ 40 

Bronobioli tOl, 104» 

diameter of, 

BroncliitiH. membrane affected in, 

Hruisee, effect on celU 

Bmnner's glands 58*, 71 

Bulio 78, 

Bulhua oculi 

Butter, formation of, 

Oacluxia, defined 2S2 

Cadaver, rigidity of, 

CiBCUm 

oerve-fibreB of, 154 

Calabar bean, effect of, on the iria 

Calamufl BcHptorius 136, 2S2 

Calculi, biliary, a cause of, " 

preesare, result of,. . 

urinary 

Culculua 

Calyces of the kidneyo 234 

CalluB, defined ""■ 

Calomel, action of, on a dog'f 
intestinea 

CanaliBreuniens . '. '. '.'. ". '. '. *. *. ". '. '. mV, 282 

Canal (aqueduct) cochlearia 

of Nuck 254 

of Petit 188', 181 

o( Schlemm 188' 

of Bpinal cord (central),.. 152* , 153" 
semicircular 202», 208», 209 

Cancer, growth of 271, 272 

roots of 272 

sj'inptoms of, 122 

Canmeiamily, perspiratory glancta 

in the, 108 

Capillaries 88, 97 

action of, 99, 111 

law of 102 

blood velocity in, 83 

circulation in 97, 98' 

centre of, 135 

importance of 97 

defined B7 

diameter of pulmonary 104* 

in iunga, blood movement in,„ 111 

ill niuecles 98 

muscular fibres of, 250 

networks of 98, 104 

of the skin 98 

peristalsis of 98, 99, UI 

peristalsis in, centre of, 185 

plemsesof SS 

variationof 98 

pulmonary 104* 

BiKeof, 97,98 

structure of, 9&, 98 



Capsule. Bowman's 234,23S*,J 

GliBson's, 

suprarenal , ,, 

Carbohydrate Z7, 1 

Carbolic acid, action on miwelea.. fl 
Carbon . amount, required in adnlt. 1 

defined ^ 

dioxide 

necessity of, for nntritioa . 

of food 

of sugar ST 

of vegetables 23 

Carbonate aSJ 

Carbonic acid, action on lanes.lf^ IM 
on niusclea . , . . ] 

conitituenta of 109,1 

defined T 

diamf^netic properties ot,..H 

during menstruation u 

elements of 108, U 

elimination of, by lungs.lOB, & 
by the skin " 

excessive, effect of, . . . 

formation of, 

formula of, 

from starch, sugar, and iu. — 
gaF'(animal),whenpoj(wnou»in 

amount of, expired 108 

inspired.. .. 108 
(chemical), action of, on 

thirst Ill 

adiuretic Ill 

lessens beat. Ill 

lesseni irritability of 

the stomach... Ill 

slightly anti-emetic. HI 

elimination.. 82, 112, 113, 114 

escape of, from lungs 11! 

experiments 110 

force of, lOS 

fuTmationof lOt 

imt>erfectlr elimlnaled.. I(fi 
in blood, absence of,.10S, lU 

origin of 

secretion of. xLf, 

weight of, r7;i 

imnortance of, H^B 

in blood-plasma 

in child 

increase of, llS.fl 

in female i'Si'N 

in lungs HM, 106,1 

origin of 108,8 

in plants, absorption of 9 

in pregnancy, increaswl,... V 

neoeesilvof ua,! 

of cold-blooded aniBUls,. ,.*U 
of plants >S3|4 



Cfcrbonir acid, of the skin. . . 
of urine 


■ 

.112,113 

.112.113 
.29, 113 
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Blimulfttion 

-.81,92, 105, 108 
temperature, effect on 

CarcsBs 

Carcinotuft, 


....112 
.... Ill 

iiiiiia 

....118 
.... 23 
.-..273 
..,.283 
.90,283 






transitional, 45» 

function .25, 27, 42, 56, 72 


of secretory, 72 


variation Of, .25,42 

gu secreting, 109 

giant, 272 

growth energy, primary origin 

ol 119 

life, increased activity of, 116 

lifeot, . .271 




diUution 

fatty degeneralion 

P'-'Kli'' 


.... 91 
....273 
92 












action of, 

SS;^;;;;.v;-v;.;;;. 

periBtalsis 

sounds 

ventriclea 

Card io-inhibiWry centre 

Carotids, blood velocity in, . . 
Cartilage 

aryt^enoid, 

basis of, 


.41.46 
fii. 161* 
.... 81 
...01,02 
.... 01 
.... 91 
....136 
.... 83 
.... 270 
. . . .218* 
.... 35 




nervous centre- 138 

division of, 272 


nucleus 43«, 138 

division of, 272 


of connective tissues 270 

of the organ of Corti 211», 212 




chHQae of, into bone 


....241 


process of, in nervous centres.. 138 








.... 241 




thyroid, 

CaruDcuia mammillariB 

coagulation of, 

origin of...... 


....218« 
.... 171 
.... 34 
..27,34 


Btractureot, 25 


Centigrade, change of, into Fah- 
renheit degrees 121 

Centre, ano-spinal, 155 










Castor oil, action on intestin 
CaWlepey 

eflectof '. 

Catalytic transformation. . . . 

Catamenial period 

Catarrh, effect on hearing. . . 


M,... 66 
....283 

.... 27 
.... 78 

.... 27 
....266 
....206 


cilio-Bpinal, 155,156 

defined 283 


(or defecation 156, 157 


most important, S2, 135,136 

of absorption 135 

o£ asBimilation 186 














in tcetns 136 


Cells 


. .24, 25 


of deglutition 135,137 

of digestion 135 

of ejaculation 157 






increased 


....113 
.... 24 
270 


of erection 167,259 

of generative organs 155 

of KUBtftlion (Sea Centre of Taste), 
of hearing 169. 180". 216 


defined 

diTisionof 

epitheliaL 43* 


.... 25 

- ... 272 
44*, 45* 



312 



Centre of inhibition of the hemrt . . 135 Cerebrnm ^ e na ory eentm of, 128, 169 



of i™ 131,155,189 

of mastication 137 

of micturition 156 



fltmctnre <rf, 127, 128 

sulci of, -126, 128 

white maner of, 128 

of motion 133 Cerrical injurr, danger ot, 157 

of mqcoos membranea 135 ; sympathetic plexor 161 

of olfaction J71» Cerfix uteri J25i* 

of parturition 155, 156, 157 Cheese 34 

of peristalsis 135 ■ when poisonous 274 

of perspiration 135 Chemical action, disintegration by 74 

<A pupil contractor. . . 131, 189, 190 reaction of '. 92 

dilator 155, 156, 190 chanije, defined 28:5 

of respiration 1^. 136 combinations, guide of 248 

reflexes by, 107, 110, 1 12 j in the economy 116 



of salivary secretions 135 

of secretions 135 

of sight 135. 169. in* 

of smell 169, 171», ITU 

of speech co-ordination. . . 135. 220 

of sphincter ani 154, 155 

vesicae loo 

of taste 135, 169. 172, 18l» 

of touch. 169 



composition of the body 24 

elements.action in the economy 109 
number of. in the economy. 24 
of fooii. new compounds of, oO 

dissolution of ^ 

forces of organic life 94 

potential energy, conversion of, 120 

reaction in tti economy 109 

Chemism and vitality ' 109 



of urination 156. 157 Chest expansion in respiration ... 107 

vaso-dilator 135, 302, paralysis, seat of lesion in. 157 

motor. I'yo tones 219 

vesico-sp;nal 155 wa*!. redex of, in respiratory 

Cereals :^ activity '. 112 

Cerebellum 126*. 135* wouni. care required of, 108 

function of i:>o Chestnuts, nutritious quality of,.. 49 

relation of. t^ e<]tiLlibrium 201^ ChlorotV.rm. effect on iris 190 

structure of lo2 Chk>rt.phvll 283 



Cerebral arteries 127. I2S 

convolution-centres not direv't- 

ly cvnn«:^-*:e'l with secret - 
in^: or :ii«>:«>r or^jm*. . 7o. v*4 

ti:r:o: '•:: '■:. V*4 

nioti-r r.rrvr-::brv^. trjot of. I"0 

• i u;i . I • y . i :i vi loa: i-^a of 1 -> 

*t n.?«-- r V n^r rve- d ores. :rdc : of. 

gray <u'.*f:a:'V li> 

r.rrv..^s centre:? ICS 

sur.ivV. r.^^:!: rr-Xi>?. efev't o:. l'-7 

Cerx."vr:-?v.:.jfc- :i^r\v-l':Tes. irc*if- 

<;.i:.or. of. :"~ 



ot plants 23, :» 

Chlorwis. 83, 283 

bl. •>:-,.i>rpuscIes in 83 

<yTi:i'"i>ci:'? or 84 

Ch':''er.i. ef r-:: on intestines 60 

Cr.o:e<:rrin 65.283 

Cbioz irin. an albuminoid 34 

vr:.::n of 50 

rr. i-erty of. 35, 54 

<e':r*r::--n or. . 50 

Cho-ia tyn^pan: nerve 178. 28.*^ 
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•i-:«^zr ration of 

Ch. r. -i :o»i: .f :he eye 187. 
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CMdCU j.;LOZ. Ot. 
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28.3 

261 

266 

188* 

56 

56, 75, *t> 
. . .56, 76 

...... OO 

•.;:.--.•: ob 

dlr^- :: 56. 8^^ 

::r^i:.:n::. .50.56 

zn ; ;'-• idT rasis of 56. 76 

^. -.._ .,._-.. .J 7^ 

V";<i?«; Ij 75 

Ccyi.-:" A :c-i ~ion by bile 50 

J - A".C':'i iz:v.' v*ny Le 50, 56 



«.■.'....-.'.. . . . . 

..-:r.?:::ie-:s of.. . . 

.•■•— :s«;.cS of. . . . . 
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56 
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•.riii^i^r-—:-- m the intestine.oO, 56 



INI 

CiliMT cellB 42, 43» 

epithelium 42 


■X. 313 

Cold-blooded animals, exhalation 

by, 110 


ligam'nt 189 

motion 43 

mtiFclee 188» 


Cold diminiBhes excitability 140 

(ice) iujuriouB to etomat;b 60 

Collagen, an albuminoid 34, SH 


Cilio-Bpinal centre 155. 156 

Circle of Willia 127, 128' 

Circniation 88 

accelerated during diuestion... 141 

action of. on the heart 91 

blood, clota prevented 87 

capillary, 67,98 

cauaeof. , .91,92,95 








Colloids '. 284 




nerve-fibrea of, 154 

Color-blindness 197 

Daltonism 197 






ol bodies 197 




foetal, 2(>5» 




Coloring matter, constituents nf... 

26,35,36 

of the body ...34,35,38 


porwr, 98,97 

reflex centre of 135 

•yatemic, 89 


propertvof, 86 

Colostrum, milk 263, 272 

Columnar epithelial cells 43« 

Coma, from hiemorrbage 127 


wnooB, 97 

where Bijortest of the body.... BO 

Circulatory apparatus, Btructure of, 88 

centre of 135 


Commissure fibriilie ISO" 

of spinal cord, anterior, 162" 

posterior, 182» 

optic 135- 

Common sense 139.163,164. 165 

Conception, (corpus luteum), proof 


energy, primary ori^n of 119 

impulse, aensory nerve of, 1S3 

CirriioaiB 284 

Citrates, absorption of, 65 

, Claustmm 130.284 

Clot of blood 85,88 


Concepts, manifestations of, 220 

Conclusions by experimenters on 

carbonic acid gsa 110 

Cones o( the eye 191' 

Cougeation from plethoric condi- 
tion 81 








of chyle 83 

of lyniph 8.^ 


Conjunctiva 103, 284 


CocUett 201«, 202, 206, 210» 

aqueduct of, 206 

, cupolaof 210«,2I1 

fltudof 108 

lamina apiralU of, 2I0*, 211« 


mucous, 270 

non-elaatic 270 

retiform 270 

white fibrous 270 

yellow elastic, 224,303 

Conecieni* 166 

ConBciouaneaa, delined 16S 

Conetant current 247 

from jaundice 85 






Cceliacaxis 62 

nerve-pleiua 67 

Coffee, effect of, in depression of 

spirits Ill 


from increased aciditv 42 

Peyer's glands affected in 60 

Cont^ion 274 

Continued fever 274 


CoBesion, defined 284 

weakened by heat 119 

Cokhicum, action on dog'B liver.. 66 



..us. 2«. 147 I 



rA impll laB.lW 

rkytMBiMl Si! 

CofitBimii, liqiMr, »3M 

ConralatoM, « pmmuioa of, 130 

by reflm 1« 

IratD ilUbcM* mellitaa S7 



mnrrmcnU aflpct«d by, 140 

Corinmof the skin JS3*, ZS5 

variation of 225 

Corooft, CMMB of milkjr appeal^ 



m 

T\ 

e«e*wi I»".m 

Crr«»lliiie kii» .m 

C(rnaila«d9. .»i 

CnpDla^ cocUea.. 
CDl-4e-Me. DoosJm 

Curare, actHia of. 

CurreaUr T rio ril^ e< u 

CatuieoQs penpuatiun 

e(f«ct OB wmperBlnre,. 
Cuticle : 

Catie tA the di^ 



of onacitr.. 

eongcBtionat,.. 

defectire notrition of,.. 



. IST'Cvaticercna.. 

. 177 i 
. 177 



,.SH 



1 mil , 

■inictnre of, 187,188* 

alteration of , \Sl 

nlwrsiion of, 177 

Corona radiata 130 

Cotxinary circulation, the aborteat 90 
90 



COTfiJT* ioiea, distinction of. . . 

quadrigMDina 126*, 130* 

funutionof 131 



Daltoniani 1*7 

Dandruff 22S 

DarLnese, effect on im, ISO 

Dark gpota betora tbe ejrca IK 

DeafneM. cenain causes of, . . .205, 208 

diagnosis of, 207 

of tliesonl (SeelentaDbbeit)... :i0 

Decay and repair 23 

Dvindua, defined 283 

origin of, 361 

retluxa 201 

serotina 26t 

..261 



. 130 

_„,-» calloium 125*, 126 

dentatum o( corobellitm 133 

lutvum, true and fatw, 257 

of ovary K6*. 267 

atriatuni 126*. 130" 

(;orpu«:leH of blood. 70. 80*, 81, 82. to 

CorroMon, effect ou celli 271 

tknroiive sublimatu, efltict on dug'a 

liver 68 

Oortj, membrane of 211* 

onfanof 211*, 212 

Cortical substance of brain 128 

of kidneyB 233 

Cotyledon 286 

Coutfhiiig, n-flei impuloea of,.... 184 

CouraeB, monthly. 266 

Cow'b milk 28 

Cranial nerves 135*, 170 

Crepitus in lunfta 106 

CrcHKOitdo, easier than bam-tone.. 220 
Cribriform plate of ethmoid bone, 171* 

Crico-urytrenoid muscles 217,218* 

lateralis muscle .218* 

nticus miucle 218* 
luscle 218* 

Cricoid cartilttgo 102*, 21B* 

capsular ligament of,218* 
Crista aaaslica 208*, 300, 285 



Defecation, centre for .156, 1S7 

Degeneration, fatty, oif heart. .... ST3 

De)(lutition 157 

centre of )3i 



..ISl, I 



.181 



when choking, indic«tiOD«(,.. 
Delirium, defined 

in kidney diaease. 

Delivery, uterine secretion doiii^ SSI 

Dementia ""■' " 

Derma ot the akin 

thickness of __ 

I^ermis (skin) £^, SM'J 

Desiccation, effect of 

Detective, for dia^nosia.. 
Dextrin, dissolution of,.. 

Dextrose, an amyloid 88,4 

origin ot, 

Diabetes .^iJ 

mellitus 

Diabetic centre , 

Diagnosis 

temperatuR, importsoca of,.. . 
Dialysis Miu 

effect of, ' 

Diaphoretic 

Diaphragm 

action by reflex 



. 107 

nerve of, 103 

paralysis of. 1 03 

respiralory niovemente of, 107 

ei>a«m3, effect of, 103, 221 

Diarrhow, a cause of, 60 

from cold or wet HI 

from increased acidity 4'2 

from increaaed quantity of bile. 65 

inphthisie 60 

in typhoid fever 60 

Diosioleof the heart 81 

Kerolic pulse i)6 

Diet, animal 26, 27 

qnalitv 3a 

quantity 33 

vej^etable 28, 27 

Difioeionof gates Ill, 113 

Digestion ^8, 53 

acidity of 41, 42 

centre of, 13.i 

defined 46 

difGcult 41, 42, 55 

during fever 60 

effect on temperature 119 

exercise, effect on 50 

fermentation of 55 

impaired, causes of,. .^3, 50, 55, 56 

oyfatitiue 60 

by febrile dieea^ie 60 

by mental reflex 141 

by prolongM mental activity- 50 

fruin wontof salts 247 

importanr^ of, 50 

intiiienct^d by, , 61 

inieatiiml, 57 

of fuod 48,50 

rest, effect on 50 

tannin, effect on, 66 

Wmperaiure of , 50 

Digestive apparatus 46 

fluida, eodium chloride eliiau- 

lationof, 31 

juice, origin of, 51 , 56 

secretion of 4fl, 50 

etimulation of 4» 

oigane 46 

process, effect on circulation . . 141 

IMphtheria 274 

Diphtheritic cocci 274 

Diplopia 175, 108 

from defect of nerves 178 

Direction of space 180 

Dirigents within the ear 207 

Discrimination in sensation 164 

Disease, a cause of, 36 

feigned, dia:DOsisof 121 

impairs digestion 49 

Distance, estimation of 194 

Dinincss 201 , 20» 

Doctrine of conservation of enervy. 118 
Dog's respiratory glands IW, 227 



Donder's hypotheeis of long eye- 



ball 



Dorsal vertebne 151" 

Double conduction in nerves 148 

Double vision 198 

Douglas's cul-de-sac (pouch) 254 

Dreams, a modification of imt^i- 

nation 167 

Dropsy, a cause of 78 

Drowning, respiration promoted.. 117 

recovery from, 275 

Duck's respinttion under water... 116 

Ductless glands 240 

Ductus cochlearis 211* 

communis choledoclius 57, 63*, 68» 

endolymphaticus 207 

Duodenum 46, 47», 67. 63». 68* 

Dura mater 163", 286 

galvanic current, effectoD, 127 

of spinal cord 153* 

Dy BCrasia, a cause of, 83. 8S 

deHned 286 

Dysmenorrhea 266 

Dyspepsia, treatment of, 51 

Dyspncea, a cause of, 116 

Ea-r 200 

affected from eye disease 210 

auricle of 200, 201* 

carbonate of lime in, 207 

cerumen of,. 201, 227 

cochlea of,.. .. 201», 202», 208, Z10« 

aqueduct of, 206 

cupola of 210', 21 1 

ductus of, 211» 

fluid of 208 

lamina spu^Hs of 210*, 211* 

natural siie of 210* 

nerve-Gbres of 180, KKT 

scateof 2U* 

conctia of, 200 

conduction of sound in 207 

dirigentfl within the internal,.. 207 

disease, dia^cnosis of, 207 

eminentia pyramidalia of, 205 

epithelium of, 4i 

eitemal 200, 201* 

function of, 200 

iffl^rtance of, 200 

injection, caution required in,. 20S 

iuternal 200, 201*, 206 

endolymph of, 208 

function of 206 

semicircular canals of,206. 208* 

structure of, 206 

vestibule of, 206 

labyrinth 2ja 

liquor Contunnii of 206 

lobe of, 200 

..200.201*. 202* 
..201*,202*,aO(S 



,.200,20l», 202*, 203 




bonea or oasiclesof 202» 



a [i;!TiUDidBli0 of f«j 
eSecI ot, on bnl^. . 



.«. 4t 



excretoryJuct 20ft 

[unction of, - 203 

miwclciiol, 202»,2ft> 



perilympl 
pinna of, 



pinna of, 200 

powderiM, """^ 

origin of, 

relMion with eye -- 

aaccute of, 207 

tympanum 203 

utricle of, 207 

veatibnle of, 206 

wax 201,227 

removal o(, 20B 

Earthy phosphates. 286 

of^urine MO 

held in dilution 23» 

increased 239 

Ei!bo ot sound 214 

Bctoblaat 280 

Ectoderm 260 

Effect and lU cause 98, 109 

Efferent nerve-fibres 72, 148 

EKg albumen, non-oamotic 78 

as nouriihment 32 

composition of 32 

Eighth pair cranial nervee ISO 

origin o( 132 

Ejaculation, centre for, 1S7 

Eloatic fibre* 24o, 246 

tissue 24^246 

Elasticin, an albuminoid 34, 3i 

origin ot, *" 



Emetine, 

membrane.. 
Eminentia p 
Emolio 

co-operation, reqaiRiu«nta of,. IS7 

nphvaema 28S 

Emultnonof fat ....JS.a6, 2M 

Encephalon W5, 7m 

End-bulbs 141 , 117* 

End-plates 141. U;» 

Endocardium 286 

Endodenn BBO 

Endolvmph of internal ear 207 

purified M2 



of.., 



socreiion of, 50 

Electric cnrrenis, action of 149 

direct, and inverse 1*9 

effect on niuHclea 247 

most excitable stimulus of, 150 

Element 286 

Elements of the body 24 

Eleventh pair of cranial nerves. '■" 
Emaciation, cause or, 33, 3i 

fat disappearinit in, 

from wont of bile salts. . , 

Embolism 51 

Embryo, asphyxiation of, 

decay of, 

defined 259 

formation of, 258, 280 

Embryonic cell 260 

development 280 

Enunetiopic eye 1B7 



208 

Eodomysium 211. 24S». 217. 2« 

Endosmoeis 29. 78, 1"2 

defined 7» 

facilitared .82 

influenced by sodium chloride.. 31 

regulation of. 31. 8* 

suppressed , 77 

water required in 29 

Endothelial linings, origin ol, S80 

Endothelium 12 

disiinctive characters of, 12 

Energy lis 

and heat, relations of IIS 

conservation of 118 

correlation of 118 

kinetic, us 

of food . 119 

ot muscular action, origin of,., 219 
of nervous action, origin of,. . . 249 

l>oiential ... IIR 

transmission through ether. . . 196 

use of, during sleep M 

Entoderm 

EntoEoa 

Ephemeral fever, temperatare of, US 4 

Epiblaat 980 1 

Epidermis, appendages of . 22S*, n* i 

changes in,. , **" * 

deep layer of, 



thickening of 

Epididymis , 

Epigastric pl^ns.... 
Epiglottis 

action in 8pe«ch.. 



»8S9*J 



Epilepsy IW, U8,SI 

Epithelial cells. 4S*. 44*, 41 

ciliated. " 

club-sliaped 

columnar, „ 

function of, ...— ..,,. I 

glandular, .44^4 

of lungs... .,....il_ 

III mucous membrane. ..<>, 73*1 
protection of, '"'^ 



I, ■qnamone 44* 

t^eseliated : 44* 

traiuitional, 4S* 

variety of, 42 

liniiigs, origin of 260 

Epithelioma 287 

Epithvlium 42 

ufvilH 58« 

protectioo of 43 

Eqiiililu-julu centre 133 

iliatnrbed by reflex 141 

loss of, 200 

of body, impaired I3J 

ontan of, 209 

Erecrion, reflex act of, 25» 

Ergut in large doMS, effect of, 271 

Enrthema 287 

Estimative faculty.. .139, 163, 165, 168 

deBned 167 

Ether (Huidj aprav, action on akin . 65 

Ether [ga«) '. . , 274 

elasticity of, 196 

vibrationi trf, 197 

Etbrrixation,nutrition affected by, 100 
Eoonymin, action on dog's liver. . 66 

Euetai^hiaa catheter 206 

mlw 201»,2(» 

membrane of 40 

valve 90 

Eiant hrmaloua fevers 128 

Excilabiiity, defined 140 

Excretion 74 

Esoretory organs 74 

origin of. 260 

Exercise, carbonic aciil, result ol, 248 

effect on digestion 50 

temperature of the body 119 

Exoemosis 28, 78 

influenced by sodium chloride. 31 

reflation ol 31 

water required in, 29 

Expansion, cause of, 118, 110 

Ezpecloranta, action of 40 

Eiperimenta on carbonic acid. . ...110 

Expiration, cauae of, 101, 107 

unpulseof, 112 

moilua operandi ol, 1 12 

stimulus of, 112 

Expired ammonia 108 

organic matter 108 

Exrernal auditory canal 200 

ear. (See Ear)'. 
sensationappreciatioDof^S, lll,16i> 

senses 139, 163 

Extra-uterine fstat ion 262 

pregnancy 261 ■ 

Extrejuities, lesion of, in paralysis 157 

lower, nerves of 155 

origin of, 260 

upper, nerves of 155 

Eye 187 

accommodation of, 193 



XX. 317 

Eye, accommodation, limits of,.. . 194 

range of 194 

adaptation ol, in vision 196 

affected from ear disease 210 

arteries of. 188, 192 

blood-vessels ot 190, 1«" 

clear vision of, 194 

cones of 191" 

coniuDctiva 193 

constantly open, cause of, 193 

co-ordi:iation ol 131 

diplopic, 175, 198 

emmetropic, JW 

hemeratopic, 190 

hypermetropic, or hyperopic,.. 197 

lashes, glanda of, «n 

lens of, 191 

light, transmiasion of, 195 

long-«if[hted,. , 196 

movements of,. .. 198 

mucous membrane, nerve of... 176 

muscles ot, 188*, 192, 195 

mvopic, 197 

'eauseot 198 

near-sighted, 197 

nerves of 198», 190, 192 

normal, focus ot, 197 

origin of, 260 

presbyopic, 198 

reflection on 193, 194 

refractiug power of, 197, 298 

relation with ear 210 

rods and conea 191*, 1S2 

short-sighifd, - 197 

sight of objects 103 

spnrkH before the, 192 

Eyes.senseof darkness before the, 94 
simultBUeousaction in vision.. 173 

wide apart, benefit of,. 104 

Eye-ball, anterior chamber of.. .!88» 

elongate 167, 1«8» 

injury lo nerve, effect on,. . 177 

movements ot. 174, 176, 102 

nerve-librw for 132 

muscles of, 174 

nutrition of 177 

sensory nerve of 178 

sliort.fiat 197,198» 

simultaneous movementsot, 17S 

slruplureof 187 

Eye-lid, lower, nerve of 176 

structure of, IflS 

upper, droopmg of, 174 

motion o 174 

nerve of 174 

sinifture of, 192 

tarsus ot, 1B3 

Face, expression, loesot, , 179 

nerve ot 179 

muscles, nervea of, 178 
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EX. 319 

Ganglion or ganglia, otic (Ar- 

Dold'B), I80,101»,2IO 


clwn^ of, 52,53 

uhemical chanae bel- ire absorp- 
tion Dot Deceasary. . .55, 231 




spinal, 153» 

submaxillary, 161* 


defined 110 




as protectors IW 

Gangrene 271 

senilis 271 

Gas or gases, a fluid 102 

excbange in lungs 104, 111 

intermixmreof, inlungs... Ill 

molecular motiou of, 102 

osmoaiaof 112 


energy 119 

transformation of, 249 

' fat. neceaeity of. 28, 29 

fluida, absorbed by skin.... 55, 231 

for vegeUble growth 23 

important conetituents of 26 

mncous numbrane affected by, 41 

poison 274 

quantitr determined fil 

relation to vitality 109 






separation of, Ill 

Gaseerian ganglion. 160, 161*. 176, 288 

Gastric digestion 51 

condiiions affecting, 51 

follicles 48 

(unctionof, 40 

secretion of, 40,48 

size of, 48 






T^etable, aa Dourisbment. ... 32 

necesBityof 27 

when injurious 62 

Foramen of Monroe 127* 

Force, chemical, in a body 94 

inamolecnle 112 

of attraction 112 

1 Fourth pair cranial nerves 174 

ventricle, structnru of, 134 

Fovea centraliB 196 

hemispherica 202* 

Freckles, due to, 223 

Frog's respiration under water. , . 116 

Fundus ofuterus 253* 

Fungus 2SS 

a»U-bUddor eS", 64 


abnormally increased 

secretion of , . . . 42 

hydrochloric, 31 


neutralised 60 






arrestslby, 55,66 

artificial. 42 

no effect on starch 49 

peiwinof 34,61,52 

neutraliwd 50 


calculi in, 65 

of contents 64, 141 


secretion of 48.71 

membrane 48 

secreting follicles 47, 72» 












GastricuB <See Stomach). 

Gastro-Bplenic omentum 69 

Gelatin 35, 83 

Gemmation, reproduction!^, 231 

Generative oi^ans, origin ol, 260 

reflex centre of 155 

Gen ito-apinal reflex centre 155 

Genito-urinary organs, mucous 




Ganglion or ganglia ISO, 28S 








GMBcrian.ieO, 161» 175, 176*, 288 


Germ or germinal 288 

area 260 

cell 251 




l| Meckel's 178 

1 of spinal nerves 16l» 

1 ophthalmic J61» 

1 functioaof 190 


mass 259',260 

membrane 259»,260 
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Crerm or germinal spot..^^, 257, 259* Glomerales of kidner. . .233. 234, 23£v* 

vesicle J^^, 250* Gloaso-phanmgeml nenre 1^>,170, 18l» 

change of, 26) Glottis, dila'^tioo of, 218 

movement of, 255 reflex respirmtorv actirit j of, . . 112 

Giant cells .272, 288 Glucoee, an amvloid 33 

Giddiness 209, 210 change of. in the body 2;* 

Gland or glands 288 different from protein 38 

Brunner's, 58*, 71, 76 formation of, .27, 41* 

buccal, 125 from starch 34 

cells of 4o» Glne from collagen 3S 

ceniminous 227 Gluten 32 

changes in, 4o Glycocholin. importance of, 66 

ductless 71, 240 Glycogen absorption of 76 

ducts of 71 an amyloid 33 

epithelial cells of 4-'>» different from protein 33 

Homer's 227 of the liver 62, 64 

kidney 71 origin of 66 

lachrymal 71, 193 transformation of 63, 64, 6f> 

nerve of, 176 Glycosuria 136 

Lieberkiihn*s .See Follicles). Gobiet epithelial cells 44* 

liver, 71 Graafian vesicles 256* 

lymphatic 78, SO bursting place 257 

mammary, 71 . 74 number of 2>i 

ce, is. tunction of 83 ripening of 267 

Meibomian 1^, 22S Granular corpuscles 272 

Moil*?. 2"J7 Grape-sugar See Glucose). 

NaN>ihian J252. 2SM Gravei. urinary 37 

Oiioriferv»u5 227 Graviditas in substantia uteri 262 

of axi'.ia 227 Gray hair 231 

oriarin of 260 Growth and decay 2^ 

pan-v'r^As 71 Gum«. upwr jaw. nerve of 176 

par^>::i 12^ Gatstatory 'centre . . 135. 169. 172, 181* 

iVverV. M* fibr^* 181 

:-:^3. :iy* ?rT.*j:::.n5 147.182 

. •,»:::: • ■: 1A>*. lol Gyr: h pr-roj^ip; 169 

r •• .:.:orv 71 Gyr-^f : .•miv.itu* 16!r». 171 
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ri \ :v. T>f. 71 Hssmatin 80 

>*.:". ..ry, ..71, 74. 1-' or-jiz :■: 106 

i» ■ .i: : ;:. r. H.t-.AV^r-A 289 

<*\^ • > "l. :iV-^ :i^-- e:>*^ H.rrr.. c: :.- ..;^. a>. 7^. SO. 106, 2>i^ 

*<e':--. : r.j *1. "" i.: :•- :■:". ... 80 

r. : - •• • - ^ ■ -^ s : : . . ~^ . 1 ." .in : - - : :- re*i Mv*>: -oorpaso ies 

... a....*. . '^7, « l' 

5*- .. - — - ■"- - — - * - O"*, Ov 

?«.■ - : .'. -' . - ^'*' ■ T-"*. ~ - .s: : r».: : :- - : : oxy^r n by . .,S5, SO, 1 0^ 

*•: t- " '. .r.irrr :. . /. 80 

*.:"' " ;■ \ .-.•> 7-' .v"..;! >-:: .■-: >: 80, 106 

* ■ ;. - ~ >-*. > : '. •■.-.*- :> .-t-.^-a ..i^ :> 80 

>.:: ' • J- :<. *1 i^T"^ iT* w ci.:. -r -c: of. 70,106 

<.'-.- .=. .^y-::-> *1 i-" ■- -• \\' Tr-fi.\:'% . . ..106 

?•, ^.v >.. .. -..c.- -■.> i^.i.:-.'.:'**ei- :.irr.;5"r.es color- 

: — - * - iric iiii::rr o: : . r . . ;o, ;;k>. 70 

: ^ '1 : -r-rvi-: - c^i 106 

: -* " ;. tr. :."!::- us^ue* 106 

.'- " .1^- irr'--~."'~. .n) 

V* >^ * . - ". .s : ".- - .': r.' it .' :-:. 80 

V- . 5i-* S" ^> T. T». -rTiZi.-^r ::. i- lirer '06 

V . . . ?>. ' ->. "■.'" .". .■'. . '** ir.iT -iT o5, lOb 

. ' ^ "." "^ jr*^ . r .'•* . 54, SO 

V . - . • < - i T. > i •>" rr. .,•:-> :: .35, 80, 105 

r..-.i,c c . .*-j.o -.1^ ^C"-* Tir: rcriiriL oc 35, 79, 106 



HKDMtptvms 289 

Bsemorrba^e, death (rom,. S3 

tauil. quantity o( bloixl loitt . 83 
{rum Dfiae and ear, danger of,.. 204 

(rom plethora., 81 

internal, palae symptom of,... 122 
on t-ereliral Hiirfare. rewiit of,.. 127 
snxindary. after li);ation B5 

Hair 223», 22ft* 

bulb of 223«,229» 

oetb 229*.230 

oolor 35 

cuticle of, 230 

erecdon of 236, 230 

tailing out 2W 

{ollial«8 238. 229*. 230 

gmy. 231 

growth of . , . 230 

stopped . 230 

indeslrucrible substance or,.. ,, S-i 

lanugo, fomi of, 2a0 

papilla of, 223», ~ — 

shedding, in animals 

ailTery, 

Hands, tremor of, 

Head, involnntary movementsof, 209 

equilibrium of,. 

nerve-flbrea of, 

neuralgia, nerve of, 

nodding of, 209 

note, or tone 318 

skin, nerve'Sbt«a of, 135, 175 

Hearing 

■fleeted by catarrb 

an external sense 

wrubral centre of -IBW, 180" 

ditBcult, from ankylosje of ear 

dirigents of, 

how eHected 

illusion of, 

impaired, from ear-was 

imjiTOved by practice 

musical tones, limit of, 

nerve-fibreH of ..135, 

■enBe-or^an of, 

stimulation of, 

Heart 81 

accelerated action of, 94, 

action, affected by terror 

inadequate on capillary cir 

culntion 

and lungs.baruiontous action of 
auricles ot 

diastole of 

examination o( pulsation, 

greater circulation of, 

high temperature, eKect on,.... 

impulse of, 

inhibition, centre of, 

Irinnnr nirrnlitirin of, 



Heart, liability to fatty d^enera- 



of.. 






06 



peristaltic fll 

stimulus for, 91 

muscular tibres of, 2^6 

arrangement of 9\, 246 

nerves of, 183 

nourishment of. . 90 

nutrition, rapidity of 247 

orifices of 89 

origin of 260 

palpitation of, 84 

pulsation of 91 

regulation of, 92 



rtof,.. 



rhythm 



sounds of, 91 

systole of 91 

valves of, 89 

vtntriclee of, 90* 

wallsot, 90 

w«ight of 89 

Heat, agitation by, 118, 119 

and energy 118 

caused by motion 119 

dt^lined 118 

difference from temperature. , . ISO 

diffusion ot, 119 

effect of, on cell life 24 

on matter 118, 119 

energy, origin of, 119, 24t) 

eijuai I nation of, 119 

esiinmlion of 120, 121 

excitability increased by, HO 

expansion, power of 118 

from fatty food 2ft 

increased by muscular activity 249 

in molecular action 118 

molecular stimulus of,. 113 

necessity of in organisms 24 

of plants 123 

production of 114. 115, 118 

quantity eliminated in watery 

vapor 123 

retained in the body 2H 

r^ulatio" "' "~' 



eof,. 



,.11( 



. .119 
production.,.. 114, 115 

Hectic fever 274 

Helicorrcma of cochlea 210'. 21 1 

Hemeralopia 199 

Hemiameslhesia 289 

from lesion of optic thalamus.. 131 

Hemiplegia 1&7, 269 

blindness in, 173 

from cerebral hemorrhage 127 

from indigestion 141 

from injury to corpora striata.. 130 
, Henle'e layer in hair follicles 229* 



Uenle'fl looped tnbes of kiilneyB. . 236 

Heosen's disk of miuclea '"'' 

Hepatic artery 

blood supply 

blood-vessels 

c«1Ib. fuDCtion of, 

circulation, result of increaaed; 

DervouB plexue 67, 162 

romediea, absorption • ( 55 

stimulants. precaution required 66 

Tein, function of S-l 

ori^ of 

Hepatiiation 

Hernia 254 

Hernial sac, circulation of, 

Hibernation 

Hides, hardened with tannic acid 35 

Hilumol tlie kidney 233 

Hippocampus 171, 2IK) 

Histology "" 

Horn, indestructible substance of, 

Horner's elands 2i!7 

Horror, effect on iris 190 

Human body (See Body;. 

Human voice, limits of, 219 

Hunti;er, sensation of. 61 

Huxle}''B layer of b air-to II i cles. . .229* 
Hyaloid membrane of eye...lS7, ISS* 

Hybrid 258, 200 

Hydatids 253, 264, 266^ 290 

Hydatidform moles 264 

Hydrocarbons 27, 290 

Hydrocephalus, pulse in, 96 

Hydrochloric acid of gastric juice 31 

origin of 41, 51 

Bodiuoi chloride in, 31 

when beneficial 61, 52 

when injurious 52 

Hydrogen 290 

inthebody 24 

Hydrophobia 158 

convulsions of, 157 

Hymen, rupture of 260 

Hyoacyttmine, effect on iris. , , . . . 190 

Hypermmia 290 

Hypeneatbesia 200 

Hypergeusia 182 

Hyperuietropia 197 

Hyperopia 197 

Hypertrophy 290 

Hypoblast 260 

Hypogastric plexus IHl* 

Hypogeuaia 182 

Hypoglossal nerve 136», 170, 186 

hbresor, 137, 186 

origin of, ,.134, 135, 137, 186 

functiuu of, 137, 186 

Hysteria 158,200 

Io«, in stomach, impairs digestion 50 

Icterus 200 

Idiopathic 290 



neo-c(ecal (ileo«oUe) VBlve.46.47*, 
Ileum M, £7, 

iii^on."!;!";::;;;""'.:;;;:;:; 

Image, after, „ 

defined 11 

lormation of 

Imagination 130, 163, 165, 

an internal sen^e 

defined, IW; 

representation by, 

Impr^nation 

Impressions, duration of,.... 

retained _.. 

Impulse, transmission of, '^1 

Inanition SSI 

from increased acidity tf' 

Indian corn, nutriment of St: 

Indians, ollaclory sense of, 171 

Indigestion, causes of - . J8, 42. S5 

effect on the eye 141, 

from increased acidity H, 

treatmentof, 9'< 

Infant, jaur.dice of tt- 

Infection 2H i 

Inferior m as ill ary nerve M' 

IndammHiion, a cause oL M' 

defined SSI 

effect on circulation Ifl 

InflueuBa 3U 

Infusoria ,200,281 

reproduction of, 29 

Initrsta 47, 2B1 

Inhibition of reflexes 150, lO 

Inhibitory nerve impulses J* 

Inorganic bodies, agip-egation by,, tt 
different from organic fl 

matter derived from, 

proximate principles 

Insalivalion of food 

Insanity, defined 

symptumof, 

Insectivorous plants 

Inspiration, centre of, 

muscles of, 

stimulus of, ItO 

Inspired air, changes of,. . , 108 

Instinct 139, 163, 167, 18R 

in brute animals 128 

Integument 

Intellect and uarebrnl centre-cejta 

operations of 

Intelligence, decree of . 

Intercentral nerve-fibreia ....V 

Intt-rcustal muscles, oatioaofi.... 

Internal senses 1^ 

organs of 

varieties of 

Intestinal contraction, cause td,.. 
digestion M, 



^ta53a3l3S,»H»liiie reaction. TS 

effect on chyme,... 50 

secrelionof, 71.72 


EX. 323 

Iris, mnscles ot 190 


nerves ol IBO 






in hwmoglobin 35, 106, 116 

ot lood 35 

paramagnetic properties of Ill 

Irritability 140 


Mcretion, abnormal 60 

CttUHeot 60,73 


changeof, 60 


Intestine or inlestinea, abeorbenM 

of 57.75 

absorption by, 66,75 


Island ot Reil 130 

Isthmus 01 fauces, valve of, 4& 

Jacob's membrane Ifll* 

Jaiapa, action on the dog 6ft 

Jaundice, a cause of,. . . 65 




glandulte solitarise of, . . .58, 6»« 

large 46, 47«, 61 

membrane of, 61 

length ot 46,47,57 

mucous membrane of, 

40,57.58»,B0 

muscular fibres of, 246 


temperature, a svmplom. 122 
in the infant, cause ol, fti, 261 

Judgment, delined 129 

Katabolic process 115, 249, 291 

Katabolism ,291 


nerve-fibrcBof, 164 

nerves of.,.- 183 

normal congestion of. 60 

nouriBhinent of, 60 

perislftisia of, 57, 162 


of muscular tissue. 248 

Katalepsy (See Catolepsy). 

Keloid 291 

Keratin 34, 3.1 




causeof 67,60 








secretion by 75 




Kidney or kidneys 233 

activity, stimulus ot 147 

as secreting glftndfl 71 

blood supply of,. , . .234 


subdivisions of « 

symputhv with stomach and 

brain 141 


calyces ot, 234 

cortical substance of, . . 233, 234« 




Wftllof 58« 

muscular fibres of a50 

structuMi of, 57,58» 

Involuntary motor apparatus, ori- 


temperature symptom ot, 122 
eicretion from blood by ,235, 236 






lodideof potassium, absorptionof, 55 

Ipecacuanha, action of 40, 41 

^^on dog-s Liver 66 

Iridin, action on dog's Uver 66 






mediillary substance of, 233 

mucous membrane of, 41,42 

nephritis 240 








pelvis, membrane of 41 


calabar bean, effect on, 190 

chloroform, effect on, 190 

contraction of,.. ..131, 174, J89, 190 


secreting and excreting or- 




diiataiion centre 155, 190 

stimulants tor, 190 


Bympathy with stomach — 141 

weight of, 233 

Kinetic energy 118. 291 

derivatwnof, 120 
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Koch'B bacillus, origla of, 274 

Kr&uee'H membrane .243*, 2M 

Kreatin 292 

lAbyrmtli of ear. 206, 292 

liUhrymat duct, membruie of,. . 40 

gland 71, 183 

nurvBot .178 

Lactatei 31. 238 

absorption of, 65 

changed in bloo<] 238 

Lacteale, abaorpiioD by, 65 

doHned 76 

Lactic add, change of, 41, 51 

Lactiferoiia liucta 263 

Lamina spiralia 210* 

Lanugo ,. 230 

LannJaof the nail 232 

Larynx conHtrictor, during vocal- 

mucous mumbrsJiH of, 42 

nerves of, 183, 185« 

Laughing, stimulation for 103 

Law oE conservation of energy. . . 118 

of Waller ,...153 

Laws of nature, simplicity of, 03 

Laxatives, action of, 77 

fats 77 

salts 77 

Lead acetate, action on liver 66 

palsy 245, 292 

Loderhaut 224 

Legs paralyied, seat of lesion in, . 167 

Leliman's peptone 53 

Lena 188* 

absence, eifi^t of 19f) 

accommodation of 193, 194 

affected by 105 

artificial, 195 

changes, cauee of 195 

composition of, 191 

crystalline, of eye 188*, 191 

elasticity of, 194 

hardened, effect of, 199 

Lenticular nucloos 130 

Leucin 

Leucocytea 80*, 

origin of, 

Leucocythsmia 84 

Leucocytbamplio 84 

Leucoroalnes 292 

Lieberkfihn, follicles of,,... 58», 71, 78 

Life-, de^nds on 23 

functions, change of, 209 

requirements for, 24 

moat important centre of, 135 

secret of, 25 

Ligament nr ligaments 292 

broad .262, 253". 254 

capsular, of cricoid cartilage. 2 : ~ 

ciliary '. 

homogeneous material oIi . . . 



Ligament ov hhouiduh, uibuki... 

252,S 

round .252, 8!i3», i 

suspensory, of eye ISB*. II 

of spleen I . 

thyro-aryUenoid, euperior. .218*1 
Light, Bppreciatio ' .— ■ 

bright, effect oj - -™ 

eiHc lent cause of IWfl 

ether, vibrations of 

focus of 

impreBHions of, 

itself not visible 

passage through eye 

natuni of, unknown 

atronj; rays, effect on eye.. 

velocity of, 

Limbic lotie 

Limbs, tremor of, 

Limbus luteus . . . 

Lime car Innatea .29,3 

phosphates .ItQ, 3 

held in solution * 

of urine 

water, effect on muscles.. 

Lingual nerve 

Lip, lower, nerve of 

Liquid or liquids, action on solids lUf 
active principles of,. . ■" 

diffusion of, 

Liquor Cotunnii.. 

sanguinis 

Scarpie 

action increased 

of drugs on cells of,.. 
albuminous matter, change ot, < 

blood supply of, ' 

cells of, 

cirrhosis of 

continual stimulus of,,. 

diabetes mellitue , 

depressants, effect of,. 

eSect of functional derang*- 

montof .«7, ' 

enfeebled, 

enlarged, a cause of, 

fatty degeneration, a cause af ,, 

function of, J^ 

gland - .7L 

glycogen supplied to, 

impaired, eftecbon spleen 

lisamenta of,., „ 

lobules of 

location of, 

lymphatics of, 

nerve-fibres of , 

nou- nitrogenous subsUuioss re- 
moved by,.. 



^^^^^^^P H 


removes objectionable matter . W 
eecretofy and eiirretory organ.&4, 74 


Ifttion Ihroueh, 104 

temperamrc high.effect on, 13« 

weightof lOl 

wise arrangement of, .105 

Lymphatic or tymphatics 75 

absorption by 65, 75, 78 

capillaries of, 77 

function of 76, 78 

glands, enlargement of, 84 

of the liver. 67 




Htrncture of , 62 

sugar Iffi 

formation 66 


eynipathy with elotnach 141 

weight of, 62 

living energy 120. 248. 249 

matter 249 


of the lungs 103,104 

origin of 260 

system 76 

vessels, structure ot, 77 

valves of, T7 

Lymph.... 77 


Lobelia, action on pulmonary mem- 
brane 41 








Locna niser 132 

Logarithm of Btimali 1B7, 293 

Long-sighted eye 107, 198" 

Lun»bar plexus 163 

vwtebne 151* 

Luminous impreBsionB 192 

Lunatic 2B3 

Lung or lungs .101, 102* 

alveoli o(, I(M» 




corpuscles ot, M 

flbrinoi .77 


flow, in slcin, fxcilitaied 2S6 

glands re 

product of. , , . . 78 




origin ol 77 

propelled 77 

quantity of, 77 

Hpecific gravity of, 77 

cribrosie 207 

Macula lutea of retina 191, 19« 

Magnesium carbonates.. 29 

pliosphates 29,30 


blood of. 103 

capillaries, peristal eia oC.. . Ill 

capillary network of 104 

carbonic acid flecreiion 109 

stimulation of, 136 

crepitUBin loe 

elaaticitv of, 101 


espanaion. cause of , 107 

exuiralor>- stlmulud, action 

of. Ill 


gas elimination of, 111,112 


Malarial disease, blood in 84 

lever, temperature ii 123 


intermixed in. 104 


Malpigtiian bodies 233.234, 235» 

Mammary glands 71, 74, 262, 263» 

alveoli of 262 


liability to diseaae 39 

lobes of, 102 




lymphalicB of, 103, 104 

motion, periBtalfin of 91 

mucous membrane of 40 

. Uability to diBeaBe..38. 39 


colostrum secretion by 272 

lobules of, 262 




milk secretion by 2«3» 




Manganese sulphate, action on in- 

MasBage. eflect on muscles. . , .245, 247 
Masseter muscle, effect on masti- 
cation 177 


^^^■hunncbyina of. 101 

^^^HF nutrition of, 104 

^^^^MMpin>torTactiviti''8Df,.... 91 
^^^^■pMretoryBDdexcrt9toryorL'an.74 


^^^■Hncture ol, iUt, 1U2* 1 by lateral motion 177 ■ 
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Mastication, centre of, 137 

muscles, nerve of, 176, 177, 186 

paralysis of, 177 

necessity of, 49 

stimulus for, 125 

Matrix 293 

of nail 232 

Matter 293 

change of, in body 74, 119 

heat, effect on, 118 

limited power of, 109 

Maturation of ovum 2o6» 

Measles, blood-corpuscles affected 

by 82 

cocci of, 82 

temperature, symptom of, 122 

Meat, as nourishment 32 

food, a principal constituent of 26 
Meatus auditorius extemus..200, 201* 

intemus 201*, 202», 206 

Mechanical motion, effect of, 119 

Meckel's ganglion 178 

Mediastinum 89 

testis 2J>8» 

Medulla .2^ 

Medulla oblongata. . . . 126*, 130», 135 

functions of, 134, 135 

hi^h temperature, effect on, 136 

injuries, effect of 103 

location of 134 

moctt important centre of. 92, 136 

reHex cenirt*s in, 92, 135 

slruoture of 134 

MeiKnuiaii gland? 19:^. 2l>3 

Moinrun 34. oo 

:in Albuminoid S4 

ori>:in oi x) 

pn^jvrtv oi i>> 

Mombratui Ki>i aris -II*. ^IJ 

vUvulua 2>:J». ^I 

uuii^traAli? , :>>> 

>:ni:iv:\v<^i 2 v^ 

huii:;ir.!i o3L:orn;A l'.*I* 

i'-.ttTtlA, .1^*1* 

A«.\vtr.:i'vxiA:;v»n vU.. :^^^ 

v>c*<" . ..*: : »:: o:\ . . . . ^?o 

;vr'.v^r,i:oi. etfcv: o: :? 4 

» * . » - 

vx " :.■ :-.•*. A-v ... *'. 



^■^ . 
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X .'C jk . '. ,'t*.S Ok . 









Membrane of ear 39, 40 

of Eustachian tube 40 

of eye 39,40 

of Fallopian tube 41 

of Krause 243», 244 

of nose 39 

of oesophagus 40 

of Reissner 211 

of spinal cord 153* 

of stomach 39 

of uterus 39, 41, 252 

of vagina 41 

serous, 39 

submucous, 39 

Membranous labyrinth 206 

structure of 208 

semicircular canals. 202», 208», 209 

Memory, defined 129 

Memory, sensitive, 139, 168 

Meninges 168 

Meningitis 158 

Menopause 260 

Menses, cessation of, increases car- 
bonic acid 113 

Menstruation 266 

absence of, 267, 268 

discharge by, 267 

fright, effect on, 141 

time of cessation 269 

Mental action and carbonic acid.. 115 
disintegration of tissue,. 74 
increases alkaline phos- 
phates in orine 239 

prolonged, impairs diges- 
tion 50 

reflex of.. 94 

depresj«ion. effect on iri^ 190 

emonon. effect on bodv 94 

exertion, prolonged, eSect of,.. 249 
exoitation. perspiration caused 

by 125 

funotion-? impaireii. effect of,. . 129 
Mercuric chloride, action on dog*s 

liver 66 

Me:?.:.b:A5: 260 

Me:?o»ienu 260 

Me:ab«>".:o rnxv:s?e!! of cells and 

ri!S?.:es 115 

Me:aK .ism 248, 294 

>le:3L:iiorrr.v>*i> 294 

o: :s*ue:< 78 

Meii r.v^ics 168, 294 

>l:;p,vxw:u> 273 

>l::r;— . r.c:iz:5n:> 294 

M::: — : . - 1.^, 237 

v.>;r.:rv :\r 155.237 

M>* :.< 'JlT. u tnibrune of 39. 40 

>I; i iVi?*. r>^: r v <iin 231 

JL ii :r.T re Jk*:: .^n o:,. 73 

A* : i:r::: c 32 

v.^v;ri i::-:ci :c' 27 

vVo.>c>:r-- 263,272 
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action of certain remedies 


food, when contraindicatcd. , 34 


alveolar, 40 




periect combination as food ... 32 

secretion of 71 , Sai 

Milk-eecreting cells 262, 263* 

lobfflof, 263* 

Milk-sngBT, origin of 27 

Mind.duSned 128 

respiratory action. modlHt^ by 

itimulusfroui 110 

MitralviTve 90 

Mixed nerves 170 

ModiolUB of cochlea , . .310, 21 !• 

Hoisturc, effect on cell life 24 

Ho.ecular action, heat from 118 

baeisof chyle 76 




degeneration of !tS, 39 

emetine, action on 40, 41 

epithelium of 42 

expectorants, action on,.. .. 40 








in Ibronchitis 40 

inflamed, effect of 41 

ipecacuanha, action on,.. 40, 41 
lobelia, action on, ...41 








not always a result of ittipr^- 

naiion 265 


of alimentary canal.. .39, 40, 56 


of bronchial tubes 40 

of Eustachian tubes 40 

of fallopian tubes 41 

o( kidneys 41,42 

of lungs 40 

of nose 40 


Moll's glands 227 

Monomania 2M 

Monro, foramen of 127* 


Mormon temp e of Salt Lake City. 

sound reHection in 213 

Morpbia, action on pulmonary 

membrane « 

Morphol<«y 294 


of (Esophagus.- 40 


of uterus 39, 41 

of v^ina. ._■■■■ 41 

opium, action on, 40 

property of 39 

respiratory 39, 40 


Morlifleation 271,284 

Motion, primary cause of, 92 

produces heat 119 

Motor aphasia 220 

centreot, 220 


Mucus 34,39 

Alkaline reaction of 73 

constituents of, 39 

of vagina, acid reaction of, 73 

property of, 34, 39 


nerve-iibrillK, tract of ISO* 

nerve-fibres 72.147.148 

currents, rapidity of,. . 14B 

end plate, 147,244 

impulses, increase of.. . . 244 

varieties of 72 

of muscles 244 

origin of 170 




Muscle or muacfes 241 

acid, action on, 35 






Mouth, glands of 71, 74, 125 




Mucin 34 

Muoodin 34.39,43 


arterial blood required by,. 247 
aryt«no-epigloitideus infe- 
rior;. . - 217 






property of 34 


arylanoideus 217,218* 


Mucous connective tissue 270 





Hufcle or mn^cles, mttrmheiiB, 200 

blood 8upplv to, ^4i* 

cmrboUc aciJ, action on, 24o 

cells, exhaostkm in, 246 

ciliary, of eye 188» 

contraction of, 174 

color, o; -.jjin of SO 

contractile suli^Ance of H5 

contractility of,. 244, 246 

loss of,/. 246 

contraction of, 248 

crioo-ar>tA*iioideu* lateral!? 217 

posticus 217, 218* 

crico-t h vncvid ^7, 21 8* 

action ot, 217 

decomposii ion of 248 

elasticity of 245 

endomx-^iuni of 242* 

erector pili, 223». 229», 230 

excivmentiiK^QS matter of,. 247 

extensor, tonicity oi 24o 

exiemjil rectus of eve . . 1ft? 

nerw of 1 . « 

fa.^^ia i>f 241 

fatigue of 247 

fibivs. siae of 244 

fibrin al^jorl^ by S3 

flexor, tonicity oi*. 24^ 

heat formation in. 249 

inieriiv « Wique, of eye,. . .174 
Tvctus. oi eye 174. iKi 

in ivpi><^. ne^irti inaction.. . 248 
in:rrvv»s:ai, paralyxed. s*at 

c»: -t:*>:».'n in... !->T 

ia'.t-rr.i" riv:u>. v»3 e>-e..l74. 1.':^ 

-. - •* ' ."» . 

rr .»! *_t 

nVrtf ^.f.. . 1*4- 

kA:ilK'.i>ii: c»: — 4>. -•? - 

icvi:..-r in.. IM 

iii.;«r- r.-t .. 174 

"iiLr » i-.Vr. t f t'.*: CO i-t^ 

liZiT-i . :-.tr\-e o: I~> 

:yrLi.:.i::.>i V.V. ... .24::r» 

Ii:i^sii^:- rffc*:: c^n. .24>. 2^* 

iL.r'/:.iL::...A. i«cr:tv:i-. - :•:.. . i4'> 
n. t -i. • ....>'.!.'.':.. 2 iS iNf 

I- \:-.. r-n.::.:: c-f . :.' 






.'I t '''t Liiu. 



- 14. 



Moflcle or musdefl, of head snd faee, 

nerre-fibrea of, 135 

of heart. . . .88, iO, 24«, ^7. 273 
of mastication, ner¥eol,175, 177 

of middle ear 205 

of OTfnuiic (TegetatiTe) lite. 241 

of slon 226 

of voice oi)ran« 218* 

orbicularis oculi 193 

origin of 260 

oxygen reqoired by, 247 

palmlam of, '. 247 

perimysium externum .241, 242* 

internum 241, 242* 

properties of, 244 

reaction of, 248 

recoveiT of, .245. 247, 248 

recti, OI eyeball 187, 188* 

r>elatH>n to tendons 242 

required action in speech. . . 217 
respiratory action, by reflex 112 

rest required ior, 247 

i^trahens, 200 

rhythmical oontractioQ of,. 91 

sensitiveness oi, Jf44, 246 

sphincter ani, 154 

centr? for, 155 

spibincter veskae, 156 

cejitre for, 155 

stapedius .302*, 205 

stemo-mastCAd. nerve of,. . . 185 

stimulants for,. 247 

strengihen«i by activity. . . 244 

l»y massage . 24-^. 247 
nrtzg^i^ c»f, dept-n-ient on 

r. iinil«er oi fibres .... 248 

r:r> of. 243*. 244 

s:r-.ic:TiTV cd striated.. 241, 243* 
s-j«cit:c.a". lesi supplied 

» iih nerves 244 

s-i«rr:or oMique, erf eye . 174 
rtvii:?, oi eye ... .V .174, 192 

tc^n-i^j-r^... 177 

icn*».c :yn,Txaai, .302*. 203 

:c-:Ar;u>, r-f T?n oa 157 

•r.^Tv-i^rv-.ADOjie'US .217, 21 S* 
:r.yT\-rr..gy:»nidens, 217 

•.ri'.^cJl-f. rhrTTe t,*i. ..... 1S5 

~r>:r::»:-i ±lres^ siae of, 24^ 

A i5v u ir.:T o:, 247 

T . -:iry ^46 

.r.:..i.>»r :lv }3d 

TifXrTt rc'iTj-.-vtvi irmia.. . . 248 
-•t^i: ric-r .-^^i oa i±ie bodv 241 

-•-Tt V ' i!4S 

M .r?: v: ir i*:::-.:: ^48 

a::.v-:t. :>tA: rc:»di>niao by,. . 24d 
IT ."T: jk?»t^ :-jir'r«cc:ic acj.i .113, 246 
1 i:r.: j:c i".Tr;'.Ti*>btfd during. 247 

-..T- - iry .cririr. oc 1 19 

• t-scA .5 iilfc:^ dtxriiig 246 

aI:<r:Lj^c cvcLirarsioaiiv. " 246 



atrophf Irom want of 

•Kite 2^7 

coat of mucous membnuie 58* 

of Mcreting organa 72* 

oontrovtility, after dtath 248 

lOHHof 246,247 

principal element for 35 

cnnlractinK subetance 35, 246 

contraction 246 

affevlfd by temperature 246 

diminiflbed £40 

Btimnlueof, 24(t 

wave- traveling' 246 

co-ordination, centre for 133 

depresuOD 247 

«luticity... 244, 24o 

■ ' 248 



eoerg 



fast^GUli 241 . 242* 

fibre or fibres 242», 243" 

cells of 242» 

E change of, 241 
diskaol,. 243» 
HL Krause'B tnembrane of, 
^H 243*,244 
^H impul»e8 for, 244 
K of bladder 250 
of blood-vcBBcIa, 260 
of uapillarii 
I 
trrlta 



of inteatinea. 2-')0 

of Bkin 250 

of ulerue 250, 252" 

nrcolemma of.S42<, 243, 244 

Bi»of, 244 

' atimulusof 250 

Htmcture of 244 

temiinat plate of,.. 147*, 244 

trrlUbility 244 

diminished 14ft 

distinct froni nervous 148 

restored , 148 

motor nerves from cerebro-spi- 

nal system 246 

paralysis 149 

relaxation 246 

etimulatlon, direct 246 

indirect 248 

■triped fibrtE, contraction of, . . 246 
flystem, origin ot, 260 



tiwiw 



. 241 



capillaries of '.. 98 

color, oriicin of 80 

deprpsaion of 247 

excitability 245 

tonidty .....244,245 



tvitchuigfrom gal' 

weakness, a cause of 

I MoBcalin in food, importance of, 
Uusical sounds, diRerence in,... 



127 



Musical sounds, vibnitians, limit. 213 

tones, character of, 21S 

limit of hearing,.. 21(1 

vibrations required 216 

Myolemoia 294 

Mvopia 197 

Myosin 34, 35 

an albuminoid 34 

coagulation of 35 

contractile substance 246 

diminished, effect of, 247 

origin of, 50,54 

property of 33 

secretionof 50 

Nabotlh glandular follicles ot, 252, 253 

ovulaof, 253 

Nabothian glands 294 

Nail-root 238 

Nail, structure of .231, 232 

Nasal mucous membrane, ntr^e 

ot 175,176 

thickening of 175 

Nature, no alisolute rest in 119 

simplicity of its actions 62 

of its laws 92,93 

Nausea of pregnancy 141, 264 

redox action of ;82 

Nauseona drugs, swallowed pleas- 
antly 183 

Kear-aigbted 197 

Neck of uterus 252«, 253» 

Necrosis 294 

of bone 270 

Nephritia 240, 294 

Nerve or nerves, 143, 170 

abducens, . , .135«, 170, 177, 178» 

function of 177 

liability to paralysis 178 

origin of, 177 

an<l iu fibres 144» 

auditory, 

135«, 170, 180". 20l» 208« 

funciion of 180, 20a 

ori);in of. 132, 180 

terminals of 215 

auricular branch 183 

cardiac cervical branch 183 

thoracic brunch 183 

chorda tympani 178, 283 

cranial 135», 170 

currents, rapidity oi, 149 

defined 143 

deecendens noni branch, ... 186 

diapliragmatic 103 

double conduction in, 148 

eighth pair cranial, (See 

Nerve Auditory}, 
eleventh pair cranial, (See 
Nerve topinal Accessory). 

exclMbility of 144. 148 

facial, 135», 170, 178, 179» 



re or nervu, facial , function of, 1 78 

origin of, 178 

fat absorbed by 83 

fatigue of, 148 

fatty (incineration of 373 

fibre or Dbres.143, 144*, 145*. 147 

afferent, 72, 148 

axis-rytindpr of, 

143,144*, 145» 

disintegration of,.. 163 

branches of, 145» 

change of , 144 

claa8iflcationof,...72, 143 
conBtBDt current ,e&Kct 

of 160 

constriction of. . .144, I45» 

d^eneratioa of II>3 

diameter of 143 

division of 149 

efferent 72. 148 

electrical stimuli, effect 

on, I4i> 

function of, 148 

irritability of 148 

length increases the 

power of 244 

medullated, 143 

medullary layer of., . 

143, 144», 153 

motor impulses, Turi- 

etieaof 72 

motor, paths of. 132 

non-medultated, 143 

nutrition of, 1&3 

of liver fi7 

of lun^ 102,183 

of muscles 244 

of pancre«s 69 

of secreting organs. . . 135 

passages 73 

periplieral termina- 
tions of 144 

plexus, deep cnrdiac,lSI* 
plexus, semilunar,. . . 161* 
plexus, superficial car- 
diac 16l» 

plexuses of 144 

recovery of 148, 140 

sensory, tract of, .132. 160 

separation of 144* 

sheath of,. 143, 144*, 145* 

structure of 143 

termination of, 144 

vsso-dijator 72 

vaso-moUw 72 

fibrillK. 140*, 144.294 

fifth pair cranial (See Nerve 

Trijieminus). 
first pair cranial (See Nerve 

Ol(aeiory). 
fourth pair cranial (See 
Nerve Trochlear is). 



ve or nenrea. frontal branch , . ITS 

gastric branch 183, 184* 

glosso- pharyngeal. I S5*, 170, 181 

funclion of, 191. 182 

origin of 134, 181* 

hypoglossal 136*, 170, IBU* 

function of, 182, 186 

origin ol 134,137, 186* 

impulse, ratpof 14fi 

inferior maxillary, 178* 

intercostal. section. ef^tof, 103 

efferent impulses of, US 

irritability of 148 

diminished 148 

distinct from muscular,. 148 

restored 148 

lachrymal branch . , , . 178 

laryngeal recurrent branch, 18S 

superior branch, 183 

lesion, res torut ion of 149 

result of 149 

long ciliary branches 190 

mi.-;ed, 170 

most excitable etimulos for, ISO 

moior, 170 

motor-fibres of muscles..... 344 

tnoU.r oculi, 170,174* 

nasal branch 176 

neurilemma of, 143, 144* 

ninth pair cranial [8ee 
Nerve Gloseo-pliar- 
yngeal). 
ocu1omolorius,.,.135<*, 170, 174" J 

function of, 1741 

origin of .!«•, 1T*«1 

resophageal branch.. ..IBS, 184*1 

of eye 1». Ifll 

of heart 188, IM* 



of 



o( o 



of pancreas 

o( secreting organs..,, 

of stomach US, lA 

of thorax 181 

of trachea ,,. M 

of uterus 2( 

olfaciory I36*, 170. 17J, 

funclion of 171(in 

origin of iSb*. 1T14 

ophthalmic IflT 

optic, 135, 170, 178, IT3*,1«8»,19I 

decussation of, '" 

function of,. 

origin of, IS-V. 172, IM 

patheticuB (See Nerve Tlroch- 

pharyngeal branch 

efferent impulses of, 
section, effect of Ifll 



repi 



UDDsastric, 
, 170, 183, 184* 

function of,.. . . 183 

origin of 135. 183,184' 

Bcction, effect of 185 

property of, 148 

pnlmonsTjr bnuiched 183 

reparation .time required for, 149 
•econd j>air of crsnial (See 
Optic), 

■ory flbreB ol mascles. , . 
:iitn puir cranial (St^e 
Kerve Facial). 

ehort ciliary, 190 

Bixtb pair uranial (See Nerve 
Abducene). 

spinal accessory 

135», 170, 164, 185« 

fiinctinn of, 185 

origin ot...lS5», 184, I86« 
i^nperioTmaziliaiy, function 



of.. 



nor,. 



..176 



178' 



ongi 

Btenth pair cranial (SeeNerve 
K Pneumogaslric). 

■jBilrd pair cmniul (See Nerve 

OculomotorluH). 
" ■ 'See Nerve Trige- 

IS). 

VtrigeminuB, or trifacial,.. .. 

..132, 135», 170, 175, I76» 

function of 175 

injury, effect of, 177 

origin of 

132, 135«, 175, 176» 
l-toochleariB, or pathelicus, . . 
■ ..132, J3J», 170, 1T4. 17ij» 

function ol, 174, 175 

origin ot,132,135», 174,175 
twelfth pair cranial (See 
Nerve HypogloHaal). 
T^uB {See Nerve Pneuiiio- 
caatric). 
Nervoua action on body or limb,92, 93 

appuratiiH, deliued 169 

ceutrea ■ r ctnLrea 138 

action in voual and instru- 

BCtion on organs 93. 105 

oella 138", 140* 

bipolar, 138» 

multipolar 13«« 

prouesses of irig* 



of,.. 



unipolar, 

conneclione of, 125, 140 

dellned 138 

functionaol, 138, 139 

varieties of, 133, 130 

impulaea, orii;tn of 139 

impure b;ooiI, effect on,. S3 , 



Nervons cerebro-Bpinal lyBtem.,. 124 

defined 295 

disease, earthy phoaphatea in 

urine increased in, 239 

energy, origin of, 249 

excitability 140 

distinct from mnacnlar 246 

gray substance, where most 

abundant 126 

location of 124 

structure of 124 

irritability 140 

distinct from muBculnr,..,. 148 

neuralgia of face, nerve of, 177 

of head, nerve of 177 

paralysis 149 

plexuses 161* 

Byatem 124 

action of, 92, 124 

disturlied from want of salta 247 

divisions of, 124 

function ol 125 

importance of 93 

impure blood, effect on S3 

origin of , , 260 

Hiructure of, 124 

eym[iatlieticByBtem..l24. 160, 161* 
white substance, location of,. . 1S4 

structure of 140 

Nervus oclavus 296 

New-born child, jaandiceot,.. .6I>, 261 

New formations , 271 

Nicotine, effect on iris, 190 

Nigbt-blindneaa, 109 

Ninth pair cranial nervea (See 
Nerve GloaBO-pbaryngeal ). 

Nipple, areola of 262 

Nitrate of Bilver (internally), ac- 
tion on sicin 225 

Nitrogen 295 

amount expired 1U8 

inspired 108 

diamine tic properties of, lit 

in the body, importance of, 24, 116 

of mucosin 43 

repellent properties of Ill 

requirement oi in food 33 

Nitrogenous matter derived Irom, 26 

importance of, 26 

pruxiinate principles 26 

Nitro-hydrocliloric acid (dilute), 

action on liver 66 

Noise, cause of 208, 213 

Non-elastic connective tissue 270 

Non-nitrogenoua matter, derived 

from,. 26 

proximate principles 26,27 

div.Bmnoi, 27 

Nose, bleeding Irom defective 

membrane. 176 

membrane of 39 



S origin of, 260 

nerve ol 1«'6 

skin grafting on 14^ 

soond vibratioos throogh 219 

Koetril, abnormal movement of, 

svmptom of, K9 

Xotea. de*?p b*w, 212 

high pitch 212 

Xnck, canal of 234 

Nuclei of epithelial cells 43^ 

Nocieolas 2^ 

Nncleii;?. caodatos 130 

defined 295 

lenticuiari; 130 

Natnment to the circulation ^ 

Nocrition 26 

abisorbed oo 

by enema 55 

caose or defective,. . 38, 41, 42, 271 

condition n:«)Uired for 38 

deiined 26 

derived from 26 

daring atxstuience from i od..33w 6^^ 

effect ot 249 

enters by two roate# 76 

function of. increased 50 

impaired from vant oc bile. — 65 

importance of 

uKxst important ingredxenc for 
nervous 5y>«teni arreted by. . . 

or^an$ of 

reu:aLa:ed. 

sod mm c li lori* le . im portajice in . 31 
^ul^;;Ar.vV* r^^^^iireii .or.. 33 

ttirv^'-j:. ::ir <iLn v». i^l 
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46 
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Oleaginous proximate principle. . SS 

neceflsitv of, 27 

Olein r 28 

of milk 28 

Oliactorv balb 136*, 130», 171» 

centre 17l\ 172 

noire 135», 171* 

origin of, 171* 

flensatioos 171 

Olivary body 126». 1^4, 135* 

Omentum 2^ 

Ophtnalmic nerve, functitrn of , . . . 176 

origin or 176* 

Opium, action on pulmonary mem- 
brane 40 

effect on iris 190 

Optic chiasma 172 

ct^nuni^sure 135», 172 

foramina 172 

ne-ve 13^, 170, 173». 188* 

•lecuseation of, 135*. 172 

finrillae of, 130» 

or gin of 172,173* 

section, effect of, 173 

thalamus 126», 130» 

function of, 131 

hemorrhage, effect ol, 127 

structure oi 130* 

tract 135* 

Organ or organs. 24 

continually active Ill, 147 

cause of 112, 147 

defineti. 23 

lit- nn^cement. a cau«e of 33 

Ei»:'ni..iK ic:ioQ5. cao^e of 92 

:i n J • it.»Q*. im {■:»rtanov of , . . . 82 

of Cor:: .211*, 212 

0^.1:? of ...211*, 212 

irii wrtance of 214 

of toicn " 145*. 224 

n-r.ri'ry.'-z rA 72, 100 

rvin!A::«>n of 72 

«e^:r>^::n:i nerw-nbres 13) 

*< - >ji::«. n- vf.. 10> 

*«r""f:"::v>rr:ee* of i*2 

s^Lzii a::«.c *A 92, 139 

^yiL p*i:-iy '.'C 163 

•>rrA:i-'" ictiv.tv. primarv cause 

:c. ' ; 92,93 

i*,:: c ziAintaintHi 141 

: « •: rvi;:iiiv»l f»>r. 110 

c«.«: r<. i^-^rrvMiriva by 23 

i.~rr :. oci :norjauio 23 

Mv-I v. Itvi, IW 

'v * ijijii^c '..:>. missing linkoi, 93 

z: .i::cr. rrxpLreii 108 

r:v:T\r<. 139 

rrCM-r 24 

»-S:r."A::o:i 16S 

-Si. "-f . : : iLr-j>:< of 2'J8 

%v:r.'i "Jivv* vv* 23 
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Orgaoiatna 23 

(liBtinf^ishcd froni inert bodies a")l 


Oxygen absorption in lungs 


333 
104, 112 


action on lunes 

amount absorbed in lungs 

expired 

inspired 

and carbonic acid 

exeli«ngeaof,102 

entering the body 

from plants.. 

given off bv plants 

to animal tissues... 


105, 136 
.... 101 
.... 10« 
.... 108 

....108 

104, ia5 

,.,.113 
...10 
. .23, 24 
...106 
80,111 
.... 24 
... .. 104 




structure of 23 

Organnm taclUB 145*, 146«, 225 

etlier spray, effect on S5 


Orifice, cardiac, 46 


chua 68" 

ol pancreatic duct 68» 

pylDric 46 


in body 

in lungs 


internum of uterua 252" 

Otmoels, defined 78 

Oaaeoua labyrinth of ear .206, 2H2 

O»teoro»lacia 30 


o( hteniogtobin 

paramagnetic property of 

required in muscles 

use in the economy .. 


..35. 106 
.... HI 
.... 247 
....115 


Pabulum. 












Otoconia of ear 207. 208* 

Otoliths of ear 207, 208» 

Ov« 256 


Pacinian bodies 

structure of,. 


146. 22.5 




146. 146 
145, 16.^ 






development o! 258 


o( milk 






Palm oil 


.... 29 

.... 178 


fertilization of .252«. 259, 268 


Falpebra> 

Pancreas 

a gland 


....102 
of,.. 84 

. . . . 68» 
...67,71 








L prematurely liberated 256 

Btructure of, 256 

undeveloped 256« 

Ovarian arteriei 255 

ligaments ,252,253« 

nlrvea :.255 




.67,68* M 
.... 69 ■ 


lymphatics of, 






weight of 62 ■ 

Pancreatic duct, orifice of. 46, 57, 68« H 
juice 67 ■ 


tnbea 253" 

, " Ovary 253«, 255, 2« 


on starch.. 


".■.".•^ I 




analyzed 


•;.■.■. % 1 




iiMof 255 

structure of 265 

Overtones 214 

Oviducts 253* 

OviiacH 255,258- 

Ovulaof Naboth 253 

Ovulation 266 


effect on acid 

on cbvroe 

emulsifies tftt 

origin of 

property of, 

quantity of 


.■.■.v. S ^ 

.... 89 
.... 64 

34 

68 

...50,71 _I 




.. .. 73 ■ 


OvninCSeeOva). 

Oxidation 295 

in the animal economy, a mis- 


Pancreatin...... 


...34,68 ■ 
. 34 T 


function of, 


31 ■ 


Oxygen 295 


quantity daily secreted. . . 


...34,68 



334 IN 

- Papillffi of the akin 223* 

Paralysis, muscular 149 

nulritioo diminished in 100 


Person underwater, Ume^SoM^^^H 

Perspiration, pffpcl. on respira^on Ifli^H 

on temperature.- . . 123, 227. 21B^H 

Irom mental excitation IS^^H 


Paraplegia 157 

Parenchvina 295 

Parotid glands 125, 295 


odor of KW'^H 




temperature lowered by, . . 1 14, ar ^M 

excitement , . 78 ^M 

water giren off during .29.30 ■ 

Perapiratoty glands of skin ^H 

'1>223«,S»^| 


Pathetic nerve (See Nerve Trocb- 

learU). 
Pathogenytea 39,273, 2M 

origin of, 39 

Pathology 296 

Peas, starch in, 49 

Pelvic organs, nerves of 155 

r^ion. paralysis, *eat o£ lesion 


Perspired air, acid reaction of,.... 7«^^| 
Pes hippocampi '^^^^1 


Peyer's glands 69, aO^^^ 

nlceration of, 69 ' 

patches » 






Pepsin 34 

action ol 34,62 

ceases in duoiienum 50 

on stomach 56 


Pharynx, nerve of 181, 183, IN 


Phosphoric acid, in brain m 

PhthisiB 38,298 

acBuaeot 38 


an albuminoid 34, 52 

as such, not absorbed 54, 55 

change of, 50 


Peyer's glanda affected in 8 

Physical action, disintqjration by, T 


defined 62 

precipitation o(, 50, 53, 65 

secretion of, 34, 42, 50, 51, 54 


change .53,29 

inferior to vital power Ifl 


1 daily quantity of, 34 

1 siiniuliwof 48, 40 

\ as aucTi. uot absorbed 53 

1 broken up 60 

by Lehman 53 

origin of, 52,53,54 

precipiiated 53 






parta, natural tendencyof,.,. f 




Physiology, deflneU 1 

PhysoaUgmiae, effect on iria 19 

Phytolaccijie, effect on dog's Uvu ( 
Pia mater 2S 








Perimysium externum 241,242* 

internum 241, 242» 

Periodic fever 274 

Periods, monthly 266 

Periosteum 270 

PeriBtalsia, esplained 98, 99 




PiFucarpine, action on pulmonaTT 

membrane 4 

Pineal gland 126*. 130». 11 

Pinna of external ear 200, 201 






importance of, 2( 


conlraciion 60 

Peritoneal inBammation, chronic, 


Plant or plants as food, principal 


k Peritoneum 254,256 

L Peritonitis 296 


necessity ol, 27,8 

carbonic acid, absorpUon by, II 
coloring matter of, S3, 3 



plant or plants, decay, a cause o(, 

essential substance oF,. . . .27, 3B 

function of, 23 

growth of 211 

teat of 123 

life action depends on orgaiia 23 



, .n, s 



Oiygen 

polltnof 261» 

reproduction of 2H0 

respiratory orgtins of, 110 

eolar light, effect on, 23 

(See Vegetables). 

Hiunnaof blood 79.82.85 

Plethora. 



leof,. 
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Pleural cavity, result of . 

Plexus or plexuses, aortic, 161* 

cardiacdeepand superficial 161' 

cervical, 161 

OKliac, 67 

epigastric 161* 

hepatic 67, 162 

hypogastric, 161" 

lumbar, 162 

of nerve-fibres 144 

of skin 144 

puluonary 162 

renal, 161* 

sacral I6i 

BeniUunar 101* 

Bolar, 161» 

speriDatic., 161* 

Paenmogastrit.'. , .. 287 

Pneomogaitrlc nerve (^ee Nerve 

PcBumogostric). 
Pneamonia, symptom of temperti- 

turein 122 

Pneumothorax 108, 297 

Podopbyilin. action on dov's liver 66 

Poieoa, eSeet, difference of, 83 

of food 274 

of the system 62 

retention in the blood 83 

tyrotaxicon, 274 

Fotitcer's ear-bag, use of 206 

Pollen of plants 269 

PdItds. reproduction of, 251 

ftilypus 266. 297 

Fomum Adami 218*, 219 

Pons Varolii 126», 130", 135», 297 

function of. , 132 

structure of, 132 

Portal circulation 96, 97 

system 76 

win 62, ea* 

diptension, relieved by 70 

effect of presBureou 70 

formation of 62 

Poaterior chamber of eyeball IBS* 

pDtflHsium carbonate 29 



Potassium chloride , . 

effect on blood 

iodide, absorption 

salts given off in tissues.. 



of, it 



urate, increase of, iu urine. ... 2 

Potatoes, starch in, 

Potential energy 118, 2! 

Pouthof Douglas 2i 

Processus brevis 21 

gracilis 2i 

Pregnancy 250, 261, 282, 2l 

corpus luteum of,. % 

extra-uterine, 21 

in absence of menstrua lion. . . 2< 

nausea or vumitin); of, 141, 2( 

quadruple, 2t 

simulation of 2< 

twin. a 

Premature delivery through fright 1^ 

Presbyopia , 1( 

Pressure, arterial, ( 






Propi'rty, defined 11 

Prostate gland, hardened, result of,2l 

Protcida 60, 54, 2! 

coagulation of, I 

composition of, i 

compound I 

detined I 

origin o~ 



Protein bodies 

compounds 

Protoplasm S 

changes of, 248, i 

origin of i 

power of, 

Proximate principles 

Psyctiical deafness S 

deafness i 

Psychology 



Ptom 



t. 273, 297 



disease influenced by, 38 

origin of, 38 

prevented by bile 274 

Ptosis 174 

Plyalin 



nof.. 



49 



an albuminoid 34 

origin of, fiO, 54 

secretion of, 50 

Puberty 266 

change of voice at, 219 

Puerperal lever, a cause of, 255 

Pulmonarv alveoli, membrane of, 40 

artery.'. 90*. 102*, 104* 

membrane RQected by, 40 
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Pulmonary plexus 162 

tuberculosis, a cause of, 38, 39 

vessels 102*, 104*, 105* 

Pulsation of the heart 91 

and respiration, in unison, cause 

of, 112 

arterial, 95 

capillary, 95, 96 

Pulse, abnormal, 96 

below normal, a symptom of,.. 122 

dicrotic, cause of , ' 96 

indication of, 96 

feeble, indication of, . . .•. 96 

full, indication of, 96 

in hydrocephalus 96 

internal hsemorrhage, symptom 122 

low, from bile in blood 65 

measure of, 96 

rates 96 

slow, in apoplexy 96 

unison with temperature 121 

Punctum proximuni of sight 194 

remotum of sight 194 

Pupil ....189 

contraction of, 189, It^O 

centre for, 190 

remedies for, 190 

dilatation of, 190 

by atropia 125 

centre for, 155, 190 

permanent, 174 

remedies for, 190 

tlirough terror 141 

reflex 142 

Purgiit ives 65, 66 

Purkinje, voHicli's of, 256 

Pus cells, or corpiisck'S 81 

Putrefaction 20 :• 

Pvjeiiiia 21)8 

due to, 274 

Pyloric orifice 46 

spliiiicter 57 

Pyramids l.'^'>* 

anterior, 126* 

posterior, 134 

Quadruple pre^nancv 262 

Quality of a note. . . .* 213, 214 

of food 33 

of sound 214 

(Quantity of foo<l 61 
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Rachitis 

a cause of, 30 

Radiation of energy 106 

of light .* 196 

Rales, crepitant, 106 

Range of eye acconiuiodation. . . . 194 
Reason. . . * 129 

loss of,.... 129 

|)0\yer limited 93 

Receptaculum chyli 75, 76* 



Rectum 47* 

nerve-fibres of, 154 

Red blindness 197 

Red blood-corpuscles 79, 80*, 106 

ansemia of, 106 

effect on circulation 80 

on motion 80 

on nutrition 80 

on respiration 80 

excessive, effect of, 81 

form of, 79, 80 

function of, 79, 80 

haemoglobin of 

...35, 79,80, 106,289 

importance of, 80 

number in blood 79 

diminished 81, 83, 84 

chlorosis from 83 

origin of, 80 

plethora from, 81 

size of, 79 

substances given off 106 

water absorbed by, 79 

when broken up 106 

Reflex action, affected by, 139, 140 

inhibition of,.. 139, 156, 162. 291 
interierence with, result of, 94 
of the medulla oblongata. . 92 

organic, 139 

requirements for, 140 

various agents of, 140* 

convulsions from, 141 

excitability, diminished 139 

increased 139 

impulses 138 

movements 140 

Refracted rays 197 

Regeneration of muscles. 245, 247, 248 

of nerves 148, 149 

Reissner's membrane 211* 

Relapsing fever 274 

Reminiscence 168 

Remittent lever 274 

Renal papilhc 23:^, 234* 

pelvis 2;i3, 234* 

plexus 161* 

pyramids 233, 234*, 2:}.i 

Repair and decay 23 

Repioduction, animal, 251 

vegetable, 269 

Repro<luctive cells, no interference 

by, 251 

Resonance, defined 214 

in posterior cavity of nose. . . . 219 

Respiration 101 

air renewed bv, 106 

and pulsation in unison, cause 

of, 112 

artificial, 275 

carbonic acid in, 110 

centre (See Respiratory centre), 
cutaneous, 112, 113, 114 



pratian, difficult, cause of.lOS, 

effect on lemperature. 

frt«tileni,nlieii skin hot and dry 

lorced, eauae of 

hurried. lOo 

in atiimab under water 116 

ill dellcient oxygen, result of,.. Ill 

intiiienceon animolH 108, 116 

infJuencedby 80 

in hii;h tempornture )05 

muscieB of 107 

number o(. lOti 

of cald-biwxled animale 1 10 

"xygen, use in 110 

pefspimtioii, effect on, 108 

prciitiiitfil, in infant 117 

eeiisorv n.;rve of ISS 

clow, from bile in blood &'> 

BtiiuulUB Cor,.:05, 110, 111, 113, 1.16 

Iroui mind 110 

irat«r exhaled during SO 

Reipiralory activity, cause of, 

91. 111.112 

air passagfs, epithelium of..:.. 42 
artificial excitants, effeict of,... 113 
centre 103, 135, 136 

Bi;tion of, 105 

relleic action of llO, 113 

energy, primary cause of, IIH 

expansion of a&domen 107 

of chest 107 

functions, effect of cold on, . . . 136 

impulses 136 

irregularity, danger of, 136 

mucous membrane 40. 42 

mUBcles, activity byretles 111! 

nerves • 103 

organs, movement of..., 106 

stimulus not counteracted, re- 
sult of 107 

vesicular murmur 106 

Beepired air, cbanpe in lOS 

Rest, absolute, not in nature IIU 

Bestitormbody 120«, 134. ]3o» 

nesting after meala, effect on di- 
gestion 50 

Rete mucoaum layer of the skin . . 222 

testis 258* 

R«tiform connective tissue 270 

Retina 172, I8a», lOl* 

blind spot of lliH 

cones of 181 •, ISA 

impressions, duration of, IVO 

image on, 103 

macula luteaof ..191 

rods of, lOi*. 19B 

stimulation of, 196 

stnictUTe of IHl* 

Retroflexion of uterus 298 

Retroversion of uterus 298 

Rhinoplasty 1 48 

22 



Rheumatism, lemperature symp- 
tom in acme, i: 

Rhylhm of tlie heart 1 



starch in 32, 49 

BJckets (tW Rachitis). 

Rima glottis 817, 218» 

regulation of 137 

Rods of Corti 212 

of the retina 191», 196 

Round liguinenis 2^2, 253*, 2^ 

Uye flour, starch in 49 

Saccliariii 299 

SHccharum, food necessity of S7 

matter derived from, 28 

proximate principle 26 

Saccule of ear 202», 207, 208» 

liiiwculus laryngis, action during 

voculiaiiion 219 

Sacral plexus 102 

vertebrfB 16l» 

Sago, starch in, 49 

Saline cathartics 66 

proximate principles 28 

Saliva, action on starch 84, 49 

active principle of, 34 

amount of daUy secretion 34 

dellcient, effect of 61 

effect on ceeophaguB 61 

expectoration of, injurious 61 

ptyalin of 34, 49 



73 
71 
by reflex influence 73,228 



stimulus of T3, 125 

Salivary glands 71, 74, 125 

function of 40 

nerve-Hbres of 72 

weight of 63 

Salt, absorption of, 77 

action on bowels 77 

defined 2.18 

derived from, , 28 

given off in tissues 108 

lactate, action on kidneys 238 

laxative 77 

quantitv in blood 81 

kidneys.... 23» 
. 37 



Snnguinarine, action on liver.. 

Saponilication 21 

Saprophytes 39, 273, 2t 

Sarcolemma 242», 243, 244, 2! 



Scala media 211* 

tympani 202», 2ll» 

vealibuli 202*, 2L1» 

Sc^aite of cochlea 211* 

Scammony, an action of, fJC 
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Scarlatina, temperature symptom 122 
Scarlatinal rheumatism, blcxxl in, 87 

Schizomycetes 273, 299 

Schneiderian membrane 171* 

Schwann, white substance o{,143, 144* 

Science, object of, 109 

Sclerotic coat 187, 188* 

structure of, 187 

Scorbutus 299 

Scrofula 299 

Scurvy 299 

Sebaceous glands 71, 223*, 228 

secretion, atUion of, 228 

com|)osition or, 228 

flow of, lacilitated 226 

Sebum 228 

Second pair cranial nerves (See 
Nerve Optic). 

Secreted matters, origin of, 71, 72* 

Secreting? activity, by reflex, 72 

intermission of, 73 

energy, primary origin of, 119 

ceils 71,72* 

regulation of, 72 

variety of, 42,43, 71 

follicles 71,72* 

epitlielium of, 42 

glands 71,72, 75 

epithelium of, 42 

nutrition of, 71 

variety of, 71 

organs 71 

impulses for, 72 

inhibitory nerve-fibres of, . . 72 

motor nerve-fibres of, 72 

nerve-fibres of, 72, 11^5 

nutrition ol", 71 

origin of, 260 

sensory nerve-fibres of,.... 72 

temperature of 73 

trophic nerve-fibres of, . . . . 72 

variety of 71 

Secretion or secretions, reaction of, 73 

defined 71 

effeeied by cells 71 

final result of, 71 

iiK'reased aci(lity of, 41 

material for, 71 

nerve impulses for, 72 

of aeid reaction 73 

of alkaline reaction 73 

of colostrum 2()o, 272 

of lluids 71 

of piscs... 71,82, 108 

oi ^einisoiids 71 

of solids 71 

varieties of 71 

Section of spinal cord, effect of, lo5, ir)t5 

Sedat i ves, action on cells 03 

Sedatives, diiiiinisli organic sensa- 
tion 05 

Seelentaul)heit 210 



Semen 258, 259 

Semicircular canals 

201*, 202*, 206, 208* 209 

fluid of 208 

ner^'e-fibres of, 180, 208 

Semilunar ganglion \76 

plexus 161* 

valves 90* 

Semisolids, secretion of 71 

Sensation 139, 163, 16\ 168 

appreciation of external,48. 111. 165 

discrimination of, 164 

elements required in, 168 

external, cells of 128 

in the organ,48. 111, 145, 146, 163 
diminished bv sedatives.... 65 
organic,. . .48', 111, 145, 146, 165 

illusion of, 169 

in animals 164 

internal, organ of, 163, 165 

of hearing 163, 165, 180 

of light 192 

of sight 163, 165 

of smell 163 

of sound 200 

of taste ..163 

of touch 163 

diminished by sedatives 65 

organic, 163, 166 

primary cause of, 92 

requirements for, 48, 168 

stages of 149 

Sense, an organic faculty 163 

defined 163 

external,.. 48,111,145,146,165,197 

five kinds of, 139 

internal, 163,165 

lour kinds of, 139 

organs of, 126, 139, 163, 1(V3 

localitv of, 163 

of hearing 180, 212, 213, 215 

centre of 109, 180*, 216 

nerve of, 133, 180 

organ of, 200,211 

of sight 173, 191, 196 

centre of, 169, 173 

nerve of, i;j.3, 173 

organ of, 187, 188 

of smell 163, 171, 172 

centre of, 16i*, 172 

nerve of, 171 

of taste 182 

centre of,. .135, 109, 172, 181* 

nerve of, 181 

of toucli 145 

modified by cuticle 225 

most imix)rtant 146 

organs of, 139, 224 

organs J44. 145, 224 

accustomed to impressions. 169 

endowment of 98 

impressions retained 169 
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Rcnsitive iii«niory 130, IftJ, l«.i 

defined IKH 


epidermis of, (See Epidermis), 
epithelium of « 




brain-nbrillie. tract o( 130 


amount of, 881 

fat cells of .223* 

fluids, regulation of 229 


currents, rapidity of, 149 

nw-ve-fibr-B. 72 


frwkleaof ,. ,.223 


origin of 170 


function of, 74, 222. 227, 231 






graitiiig (nose) 146 


»ecn: ting eel U 71 

fluid. ruMiion o(, 73 


in old ige, wrinkles of. 226. 

keratin of. 35.222 




membrane 39, 2911 


limiting evaporation from blood- 


endothelium of 42 




Serum of blood, compwilion of,.. S5 

originof, 82 

Seventh pair cranial nerves {See 
Nerve Facial j. 




muscular fibres of 226, 260 




unle^atouB. a cause of, 84 


BiKlil IW 

af!ected, rrom fifth nerve 177 

an external sense 16) 

area, fibrillie tract i:»» 

cerebral area of 173* 

cenlreof 1611, I73* 


blood supply of, 226, 23i 

piKment of, 222, 240 




rete mucosum of. . . , 222 




secreting and excreting organ. 228 
aeuaalion dimlnwlied by ether 

spray 65 


ncrve-nbres of IS). 172 

organ of, 187,188' 

(See Vision), 


stratum comeum of, 222 




Sigmoid flexure 47' 


lucidum of, 2:i2 ' 

Malpighii 222 

structure of. 222 

sunburnt complexion of 223 


Bixtb pair cranial nerves (See 
Nerve Abducena), 


absorption of food B5, 231 

activity, stimulus of 147 






affected by temperature 228 

alkalies, strong, action on, 231 


varnished 112 

water al«orbed by, 65. 231 

eliminated by, 30,123.231 

Bleep, carbonic acid diminished 

during, 113 

energy, use of, during, 33 

Smell 169. 171, 172 

an external sense 163 


blackened by silver nitrate. ... 225 
blood gtippiT for 231 


capiilnries of. 98 

carbonic acid given off by 113 










condition necessary for 171 






imjiairment of, 171, 172, 179 

sense of, 171 








dandruff of, 222 
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Small-pox. parasitic life, S2 

poiion of 8'i 

not detectable in blood.. 82 

temperatuxe, frvmptom 122 

Snow -blindness 199 

ikxliiun, acetate, action on ki*iney 238 
benzoate. effect on dog's liver. 66 

biood affected by strong, 79, 81 

carbonates 29 

action on muscles 247 

chloride 29,31* 

elimination of, 31 

importance of 31 

necessity in muscles 247 

phoc^phate 29 

actiun on liver 66 

salicylate, action on liver 66 

sulphates 29 

action on liver 66 

urate in urine, increases! 238 

Solar light, effect on vegetables. . . 23 

plexus 161* 

Solids, active principles of, 34 

dissolving, cause of, 119 

secretion of, 7i 

Solitar>' glands of intestine.58, 59*. 71 

^k>mnambulism 299 

r>ondhaus. st>und experiments bv, 213 

Soul, defined 1 . 129 

emotivm, effect on heart 94 

the vital principle 94, 166 

Sound, a quality 196, 212 . 

aniplitmle uf 2131 

analysis by ear 216 . 

ohar.ioienstio of. 21 S 

iUnuvi 212 

disiH*r>ii»n o! 214 

e«Mi«> oi 214 

eiVi't in ear 215. 216 : 

iuiprf»i«>n oi 215 | 

intonsis v oi 216 \ 

piloli of, 2i:{. 214, 215, 216 ' 

quality of 213, 214, 215, 216 , 

tinil^re of 214; 

in tho nieuium 212. 2U» ; 

intonsit V of, 213. 215 • 

lomlnosso;... 213 | 

nio lij'u'ation in oar 215 ^ 

motion of, 214 , 

nuisii-ai tono t>i 213 

oviTionos 214 

piMiiulir vibraiions, limit of "Jl-i j 

inich oi 21.S. 21.'>. 

quality of 213. 214. 21.'^ 

ri'sonanrr. lU'tino^l 214 

inoroa>o<l l»v nioatus exler- 

nus..". 201 ; 

8onsation of, 169, 180, 216 

timbiv of 214, 216 

traiisinissi(»n in oar 2I.'> 

voUvitv of 1%. 21.;! 

Vibrations of, 213 , 



Sound, wave-length of, 213 

waves, rarefied 213 

reflective, 213 

refractive, 213 

Sound-clang 214 

Spasm :{00 

Speech, articulation defective 220 

difficult i:^ 

nerve of, 186* 

centre. location of, 220 

co-ordination centre 135 

defined 220 

muscles required for, .'. 217 

resonance oi, 219 

Spermatic fluid, reaction of, 73 

secretion of, 258 

plexus 161* 

Spermatozoon and ovum, meeting 

place of, 259 

origin of, 258 

production of, 255 

Sperm-cell, production of, 255 

Sphacelus 300 

Sphincter ani l.>4 

nervous centre for, 155 

vesica? 156 

ner\-ou8 centre for, 155 

Sphincters, action of 93 

natural tendency of, 93 

Sphygmograph 96 

Spinal accessorv nerve 

"...135*, 170, 184, 185* 

anterior nerve-roots 152* 

column, distortion of, 30 

di\'isions of, 151* 

structure of, 151* 

vertebne of, 151* 

Spinal cord 152*, 153* 

anterior columns of, ..152*, 153* 

arachnoid of, /153* 

bloo<i .supply of, 155 

central canal of, 127*, 152* 

centres, functions of,. .,154, 156 

protection of, 160 

cervical enlargement 155 

l)ortion, danger of lesion 

in, 157 

dorsal enlargement of, 155 

dura mater of, 153* 

gray substance of, 153* 

imimlses. passage of, 154 

s}H»e<l of 140 

lateral column 152* 

lesion, determination of,. . . 157 
lumbar enlargement of, ... . 155 
medullary substance, struc- 
ture of, 144 

motor nerve-fibres 152* 

normal actions of,. .155, 156, 157 

pia mater of, 15^^* 

posterior columns of, 152* 

reflex centres 155 




spinal cord, sectiim, eflecl o(,.103, 155 

Hiinsory nervt-Bbrefl ol Ift2" 

eixtli ventricle of 12r* 

structure of 152», 153» 

t»bf8 dorsaiia of, ,. . — 1M)1 

three great divuionHodunc- 

tions 156 

wliite BUbstiuitw of, 152* 

ror»uiinu , 151" 

ncrvea 153* 

exit of,... 154 

gnngliAol 153* 

Htructum of, 154 

poetcriur uerve-rools 152» 

Spiriti, lieprcsEion. of, Ill 

Spleen «•, «3*. B«» 

agUiid on, 71 

H Dtoreh[>u«t- 70 

blood-curpnscles Cred} decom- 

poatNl in, 62 

btoofl supply of 60 

diviTiifuIn o), 70 

eiiliirg...! 70,84 

tU[.vti..iiof, 69 

niiili.nn,i.freutoH, 70 

loliiiely neucasBry to lifu 69 

Bite diuiiriished 70 

structure of, 6tl 

weight of 611 

Splenic artery 68«, 69 

liy|iemiuia HI 

liy,:ierpls«iB 84 

tumor 84 

VBin » 68*,6fl 

Bponlani-ouB 300 

gener&tion '2Ti 

Squamous epithelial cells 44* 

tiquintiug (row delect o( nerve. . . 178 
tit. Paul's (London), sound retlee- 

lionin, 213 

Stammering b cause of 221 

Slnrch, carbon uf, 27 

conversion of, 27, 29, it4 

derived from, 26 

effect UD Btomacb 41 

final disjiosition of 29 

origin Ol,... as 

{lUll^reatic juice, aciioDon, 27, 40,08 

fonly net clini^ed. 40 

pnixunute principle 26 

raw, indigeatible 49 

Mliva, action on Hi, 4'j 

wben injurioun 5:^ 

Starvation of boily, a cause of,. .38, 39 

Btearin ,.... 28 

Sterile 300 

Sterility 258 

gtill-born 275 

blimoti, limits of 169 

logarithm ul 29'i 

Stimulation of orgaui 13V 



n. 341 

Stimulus and effect , 197 

defined 300 

for lirculiition (II, 92, 110 

fonvaiiirationl05,110, HI, 112, 136 

physical, J26 

phyeiological 125 

to auditory nerve, , . 316 

lo lungs ,....10"f, 110 

StomiicJi 47", 83" 

absorbentsof 61 

absorption by CO 

acid of, 42,81 

action by reflen 48 

alcohul, effect on, 41, 62 

alkalinity of 40, 61, 50 

cupDcity of, ... 47 

continually active, mjuryol,.. 49 

contruciion, cuuse ul Vii 

digesUonin 48,49,60,51 

dtseaae. effect on 49, 50 

iioiiriebiuent in 65 

epithelium of, 48 

exhauBtiun of 40 

fermentation of, 66 

follicles of .47. 48, 72* 

irritalp'l, efff'-t i.f, 41 

wiieu-, -(■.■rrii..i, ..I.. .'^' .'.'.,,! 48 

musculur tihres of,,, 248 

nerves of, 18.1 

nervous action of, 50 

pain, from pepsin 66 

[wpAin not secreted in empty,. 66 

secretion of 34.42, 50,51,62 

perforation, by gaaliic juice... 68 

periaiHleiH 60, 162 

cause of , 48 

siimulUH for, ,48, 60, 147 

protected irum digeetinK Itself. 68 

secretion of 48, 50, 51, 52 

by empty .40,66 

causeof 60 

stimulus of 60. 73, 147 

(See Gastric). 

starch, effect on, 41,52 

Btractureof 47 

sugar, effect on, 41, 62 

sympathy with liver 141 

vems 63« 

wrong treatment of, 61 

Strabismus, external, 174 

from defect of nerve 178 

from indigestion 141 

from paralysis — I9Z 

Stratum coriieum of akin 222 

granuloflum of skin 232 

lucidnmof skin 223 

Malpigl.iiof Bhm 222 

StriBte<l muscular fibres 241, 242*. 243« 
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Strychnine, action of, 157 

spanm from, 158 

Stuttering, a cause of, 221 

Subarachnoid space 207 

Subcuraneous tissue 226 

Submucous coat 58* 

Sudoriparous ducts, gas secretion 

bv 109 

glands 71, 223*, 227 

Sugar, carl)on of, 27 

derived from, 26 

effect on stomach 41, 52 

final diHi>osition of, 29 

formation, in liver 66 

in blood, decomposition of,. .66, 67 

quantity of, 81 

in hepatic veins 28 

in urine, a cause of, 67 

of food, derived from, 27 

disappearance of, 27 

necessity of, 27 

of liver, origin of, 27 

of milk, origin of 27 

transiormation of, 32 

origin of, 27, 28 

proximate principle 26, 27 

when injurious 41, 52 

Sulphur, importance of, 116 

Sulphuric acid and water, heat of, 120 
Sunburnt complexion, cause of,... 223 

Sunlight, effect on vegetables 23 

Superior maxillary nerve 176* 

Suprarenal capsules 71, 239, 240 

melasma 240 

Swallowing (See Deglutition). 
Sweat, amount of water perspired 228 

as such, not in blood 108 

composition of, 228 

effect on temperature 228 

glands 71, 223*, 227 

insensible 2"J7 

nervous centre for, 228 

secretion of, 227 

sensible 227 

Sweatin;^' in high temperature, 

cause of, 10') 

Swinnning, danger of, with perfor- 
ated membrana tympani.. . 204 

Svlvian aqueduct 127* 

fissure 12.")*, 126, 300 

Sympatlu'tic gamrlia. . . .12."), 153*, 160 

as j>r<)ti'rtors * 160 

nerve, section, effect of 119 

nervous centres, functions of,.. 1(>2 

svstcm 124, 160 

functions of, 160, 162 

Symj)atby in actions 12") 

ot organs ItiO 

importance of, 141 

Syncope 94 

Syphilis, retained in blood SS 

•System, delined 21 
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Systole of heart 01 

Tabes dorsalis 301 

Tactile corpuscles 145*, 224 

ether spray, local effect on,. 6o 

structure of, 145* 

Taliacotian operation 146, 301 

Tannic acid, action on collagen ... 35 

effect on hides 35 

impairs digestion 55 

Tapioca, starch in, 49 

Tarsus of eyelid 19:> 

Tartrates, changerl in blood 238 

Taste and smell, co-ordination of, 182 

bulbs 147*, 182 

centre for, 169, 172, 181* 

differences of, 182 

impaired 177 

impressions retained 18.3 

nerve of, 177, 181 

nerve-fibres of, 135, 175, 177 

papilUe of, 182 

(See Gustatory). 

sense of, 182 

depends on terminal bulbs. 147 

stimulation for, 146 

Taurin 301 

Taurocholin, importance of, 66 

Tea, effect of, Ill 

Tears, alkaline reaction of, 73 

as such, not in blood 108 

secretion of, 71 

Teeth, lime phosphate o:, 30 

lower jaw, nerve of, 176, 177 

upper jaw, nerve of, 176 

Tegmentum cerebri 130*, 132 

Temporal muscle 177 

Temperaments 301 

Temperature, abnormally high, 

danger of, \ 121 

as a detective 121 

below nornuil, symptom of,.. .. 122 

different from beat 120 

during digestion 50 

effect '^n gas lc>2 

on liquid 102 

on muscles 245 

on muscular contraction.. . . 246 

on skin 226 

equalized 119 

external, unreliability ot 121 

Fahrenheit dcirrees changed in- 
to Centigrade 120 

high, effect on heart 136 

on lungs 136 

on tissues 1 19 

pulsation acc.eleraie<l from . 112 
respiration accelerated from, 112 

stimulus on cellt? 112 

symptom of 122 

highest and lowest in the Ixwly 120 
in iiright's disease .*. i21 



TMnperature, in taberculoeie, a 

symptom of 132 

inipoTlunce ol, 121. 1211 

liuiiMof, in tlie economy. 121 

low, from b-le in bloud 63 

lowered artificially lU 

by iwrenimtion 114, 228 

lowest m tlie ecoaomv 120 

uiixleration of, when ^gh 123 

uurniBJ, mftiiitenauce ot, 121 

o( M-terial blood 73. ll» 

of body lU, 118 

of levers 123 

of measles 122 

of old B^ 12<! 

of eecreting organs; 78 

of t«tuitM 122 

(rf typhoid [ever 123 

ef venous blood 73, ll» 

ta|teriodical rise of 114, Ufi 

BphysioloKical lowering ot, 114 

C pulse unison with 112, )21 

< ' iUiulard maintained 110 

wbenlntal 120, 121 

Tendons 270, 301 

lorniation of, 242 

Teni'smus 301 

Tenlh pair cranial nerves (See 
Nurve Pneumosoiitric). 

Tenrorium cerebelli 126». 132 

Turminal bulbs 147 

siruclureof 147* 

varieties of 182 

plalM .....147",244 

Teesellated enitbelial cells 44* 

Teetes 71,2.i8» 

Tetanus 30 1 

bacilli of,. 122 

caaseof IbH 

convulsions from, 157 

from a wound (traumatic} iSi 

temperature in 122 

Tlwbesius, valve of »0 

Thennometer 120" 

Third pair cranial nerves (See 
>crve Oculomotorius), 

Thinii, sensation of Gl 

Thoracic duct 75, 76» 

orjcans, nerves of, 155 

Thorai, nerves of. 183 

Tliroat, resonance in, 21)1 

Thromui, difference in 81:1 

innrterialblood.landiniiispotof, 8tt 

iavenouablaod,landin);spotof, 86 

Thrombus of vessel, effect ol,.. AH, 271 

Thymus gland 71, 301 

Thyro-arytwnoid muscle. . . .217, 218» 

Thyro^piglottideua muscle 217 

Tnvroid cartilage !02«, 218» 

gland 71 

TiMue or tiiaues, albuminous in- 
termedial bubataiice of, 272 
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Tissue or tissues, acid 41. 109, 248 

neutralixation of, 82 

change, cause of,. , . .74, 1 10, 24t> 

connectives 270 

deray and repair of 24ti 

decomposition of 249 

deilnnl... 24 

disintegration of 74, 272 

from high temperature., lift 
enenry, primary orwin of,.. 11!' 

fat of 28 

formation of, elemenia re- 

auired for, 50, 116 

moailic«tion of ^4t) 

no elementary change in, . . 241 

nutriment for 82, 83, 105 

absorbed by, 106 

oilot 28 

oxygen supply tn, 105 

poison in blood, effect on, . . 83 

tumefaction ot, 272 

waste, elimination of, 82 

of cold-blooded animals.' 110 

white appearance of 273 

Tobacco, effect on iris 100 

Tone, high pitch nt 210 

pitch, dependence on 210 

deierminaiion of Itl7 

vibrations (musical), limit of,. 213 

requirements for,..:., Slfl 

voice production ot, 217 

Tongue, coated, effect of, 177 

dry, effect of, 177 

muscles, regulu«d by, 137 

nerve of 178, 182, 186 

paralyi<)B of 186 

taste, dimiaialied 183 

nerve of, 177, 181» 

qualities ot, 182 

Tonsils, nerve of 181 

Touch, an external sense, 163 

cerebral centre Ol, 160 

organs ol, 146», 146», 224 

sense of, 141i, 146 

different qualities of >4^ 

moditied by cuticle, 225 

most important 146 

sensation, nimiuishe<l by ether 

spray 85 

by sedatives 65 

Trachea 101, 102« 

mucous memlwane of 40 

nerves of, 183 

structure of, lOl, 102* 

Tragus ol the ear. 201 

Transitional epithelial cells 45* 

Transudation 301 

Traumatic 301 

Tremor oi hands 133 

of head 209 H 

Trichina spiralis 2ti9, 'Ml ^ 
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Trifacial nerve (See Nerve). 
Trigeminus nerve (See Nerve). 

Triple pregnancy 262 

Trochlearis nerve (See Nerve 
Trochlearis). 

Trophic centres 154 

nerve impulses 72 

True corpus luteum 256, 257 

mole 264,266 

Tuber annulare 132 

Tuberculi acustici .' 180 

Tuberculosis, a cause of, 38, 39 

destruction in 101 

temperature, symptom of, 122 

Tubuli lactiferi 262 

Tumefaction of tissue 272 

Tumor 271, 272 

dedned 302 

pressure on bile ducts, result of, 65 

Tunica 302 

adventitia of arteries 95 

of veins 96 

albuginea ovarii 255, 256* 

testis 258* 

|2:ranulosa 259* 

mtima of arteries 94 

of veins 96 

media of arteries 94 

of veins J>6 

of eve 187, 188* 

of ovary 255, 256* 

Twelfth pair cranial nerves (See 
Nerve hypoglossal). 

Twin conception 266 

prejinaiu'V 262 

Tympani, nienibrana, 201, 202* 

Tympanum 201*, 202*, 20:^ 

inufouH nu'iiihraiie ot, 40 

Typhoid fever, blood in, 87 

diarrlui'a in, 60 

di(!rotic pulse in, 96 

intt'stiiial effect of, 60 

1V\ er's jjland.s, affected in, 59, 60 

tfin j)eratare of, 12.S 

Tvrotoxicun 274, 002 

Tyson's glands 228 

Ulcer :m 

Umbilical arteries 26.">* 

c<>r<l ligate<l, jaundice from, 65, 261 

vein 26.')* 

T'nconsciousiu'ss in kidney disease 2.19 

Unipolar (•eli-i)nn'ess l."'»S* 

I'listrialed inuseles 241 

l^nstriped imiseiilar lil)res. ..2415*, 249 

»^ 
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rea ob, .>/ , J. 

absorbed, effect (»l' 2:)S 

an aiiii«b' ol earboiiii- aeid 21^7 

an excrementilious substance. 2i»S 

artiticially i>ro(hii\Nl 2.'i7 

compU-ic formal ion of, 2.'W 

crystallized 2o7* 



Urea, diminished 37, 238 

Urea elements retained, effect of, 236 

excretion of 36 

amount of, 37, 237 

increase of, 37, 238 

origin of, 36 

quantity of, 37 

Ureters .233, 234* 

mucous membrane of, 41 

muscular fibres of, 246 

Urethra, mucous membrane of, . . 41 

Uric acid 37, 2J8 

crystals of, .239* 

excretion, amount of, . . .37, 237 

of urme 238 

origin of, 37 

quantity of 37, 237 

reaction of 238 

Urinary bladder (See Bladder). 

Urine 236 

abnormal, 237 

acid reaction of, 73 

albumin in, 240 

alkalinity of, 238, 239 

ammoniacal, 237 

as such, not in blood 108 

blue paper test 238 

carbonic acid, elimination by,. 112 

color of, 36 

composition of, 236 

earthy phosphates of, 30, 239 

evacuation, centre for, 237 

excretion of, 30, 31, 237 

fermentation, cause of 237 

hi^h spocitic gravity, symptom 67 

incontinence of ' 239 

lime pbospbate held in solution 30 

micturition, stimulus of, 2:)7 

non-ab.sor[)tion of, 37 

passage of 237 

})recipitate in, 30 

quantity of, 2:>6 

retention of, 2o9 

secretion of 71, 74, 235, 236 

increased 113 

solids of, .... 3<i, 238 

increased in, 113 

specilic gravity of, 286 

sugar in,, H7 

suj)pres>ed, effect of, 236 

nrea of (t^ee Urea). 

Urinifer ms tubules 233, 234, 235* 

carbonic acid gas secretion 

by, \m 

Urocbroin, an albuminoid 34, o6 

property of, '^^^ 

Uterus ....'. 251, 252*, 2.>3* 

anteversion of, 280 

before puberty 252 

blooil supply to, 254, 2.V> 

cavit V ot ,. . .' 252* 

cervix of, 252* 



Uterus, ccrering of 254 

diacbnrae from, 2SB 

epithdinl cells of, .252 

Iympli«ic8 of 2.'j3, 255 

itiuix>UB in<'iiibrtuitor,..3S, 41.252* 

tnuecalar fibres of , S46, 250 

neck of, 252* 

ncrvMof ...2S5 

Hecretiun by 253 

structure of 261, 262* 

eympsthy wtlh Stomach 141 

wall of 252» 

Ulriule of enr 202», 207, 208» 

VOiCeias lymph, parasitic life in,. 82 
puisun, not detectable in blood 83 

virus, retained in blood 83 

Vairina 252«, 253» 

■fornis of, 254 

mucous metabrsne of, 41, 42 

mucus, acid reaction of, IS 

Vagus nerve (See Kerve Pneunio- 

gastric). 
Valva or valves, auriculo-ventric- 
ular (See Valves Tricuspid 
and Mitral). 

coronary, 8fl, 00 

Eustachiau 90 

ileo-CBBcalorileo-colic, 46,17. 2n0 

in left ventricle 90 

in right ventricle 90 

mitral 90" 

of aoria 90* 

of isthmus 46 

of lymphatics 77 

of pulmonary artery 90* 

of Thebesius (foramina) ... 90 

of veins 97* 

of Vienssens 132 

pnhnonary (See Valve Seui- 

Bomilunar (aortic) 90* 

(pulmonary artery) 90" 

tricuspid 90* 

ValvultE connivenles 59* 

VariiiBhint! the akin, eHect of 112 

Vas abcrrans 2.tH" 

deferens 268" 

Vasa elTerentia Z-IS* 

recM 258* 

Vascular system, origin of 200 

Vaso-constrictor impulsei 72 

Vaso-dilator centre 135, 302 

impuleea 72 

nerve-fibres 72, 73 

Vaso-inhibitory impulses 72 

Vaso-motor centre 135, !I03 

impulses 72 

nerve-libres, function of, , . , 72 

reHexes 182 

Vaso-secretory impulses 72 

Vaso-trophic impulses 72 



ax. 313 

Vater, corpuscle of, (Pacinian body). 

Vegetable albumen 27 

decay, a cause of 36 

digestibility of 49 

food as nourishttient S2 

its principal conetilnent. ... 27 

necessity of, 27,32 

functions of, SJ 

growth. .23, 36 

life, action depends o 



for,.. 



23 



(See Plants], 
Vein or veins, blood clianRes in,.. 

81, BO, 100,104M05 

capillaries of, alMorpiton by, 

66.76,78,98 

function of, 75, 78 

defined 89 

function of, 06 

gastric 62, 63* 

hepatic 63», 97 

function of, 64, 76 

origin of, ts 

inferior mesenteric 62 

innominute. left 7B» 

right, re* 

jugular, left iiilernal 76* 

right internal 76» 

movement of blood in,.. ,96, 97 

plexuses 96 

portal 63, 63*, 76, 96, 97 

arterial function of 96 

function of, .62,03 

originof, 63 

termination of 63 






00*."«8, 97, 102*. 104*, 105 

arterial fimction of 96 

renal 97, 234«. 236* 

splenic .62,63* 

fibrinia.. 70 

structureof, 96 

subclavian, left, 76* 

right 76* 

superior mesenteric, 62 

umbilical i«J, 265* 

arterial function of, 96 

valves of, 97* 

velocity of blood in 97 

■without valves 97 

Velocity of bloodstream.- 83 

Vena cava, inferior 63*. 90*. 96 

superior 76*, 90*, 96, 87 

iuQomiuata, left 76* 

right, 76* 

porta 62. 63*, 76, 96, 97 

Venie cavffi, blood velocity in 83 

comites 96 

Venesection 303 

effect of, 70 

Venous blood, changes o( 

81,90. 100. 104*,105 
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Venous blood, current, variation of, 82 

difference in, 100 

flow, cause of, 97 

(See Blood). 

system, capacity of, 97 

temperature of, 73, 119 

variation of, 100 

vessels, regulation of, 72 

Ventricle or ventricles, tifth,126, 127* 

lourth, 126, 127* 

lateral, 127* 

of the brain 127* 

of the heart 90* 

sixth, 127* 

third 126,127* 

Veratrin, action on cells 65 

Vermiform appendix 47* 

Vertebne, cervical, 151* 

coccygeal, 151* 

dorsal, 151* 

lumbar, 151* 

mobility of, 151 

sacral, 151* 

Verti^'o 209, 210 

from ear cerumen 201 

Vesicles of Baer 255 

of evolution 258 

of Purkinje 256 

Vesico-spinal centre 155 

Vesicular mole 264 

murmur in lungs 106 

Vestibule of ear..201*, 202*, 206, 208* 

Ihiid of, 208 

nerve-tibres of, 180 

otoconia of, 207, 208* 

otoliths of, 207, 208* 

(Sec Ear, Internal). 
Vibration of sound, defmed. . ^. . . 213 

amplitude of sound 213 

period of sound 213 

Vieussens, valve of, 1H2 

Villus or villi 57*, 58*, 59* 

absorption by, 40, 57 

blood-vest?els of, 57* 

ehorionie, 261 

epitheliiU layer of, 57*, 58* 

function of, 58 

lacteals oi, 57* 

nourished by, 60 

nam her of, 58 

structure nf 57*, 58*, 59* 

Virile power, centre for, 155 

Vis viva 120 

Vision, crrebral area of !(>!), 17.*]* 

(lark spots of, H)() 

double 175, lt>S 

ln)in (U'fei't, of nerve 17H 

fovea centralis l^tj 

illusion oi 101) 

(See Si^dit). 
Visual centre 173 



Vital bodies, function of,. 23 

chemical combinations, guid- 
ance in 248 

economy, changes in, 248 

energy 249 

functions, influence on, 80, 121 

heat produced 114, 118 

organic representation.139, 165, 168 
phenomena performed by cells. 24 

temperature effect on, 121 

point 92, 103, 136 

jwwer of the body 93 

principle 94, 166 

power of, 248 

stimulation 94 

propagation first noticeable... . 25 

representation 168 

tissue-acid 41, 51, 248 

Vitality above chemism 109 

depends on, 23, 24 

impaired, a cause of, 106 

Vitelline membrane. . .256*, 259*, 303 

Vitellus 256, 303 

Vitreous body, or humor 187, 188* 

Vocal chords 218* 

length, importance of, 219 

muscular action on, 217 

separation, limit in voice.. . 220 

tension of 217 

vibrations of, 219 

Vocalization 220 

effect on larynx 218 

Voice, a voluntary act 217 

change of, at puberty 219 

chest tones 219 

co-operation in production of,. 137 

deep bass, 219 

falsetto, 219 

harsh and deep, from paralvsis 218 

limits of, 219, 220 

loss of, from paralysis 218 

muscles required in production 

of 217, 218* 

organs, nerves of, 183, 185 

pitch of 213, 215 

production of 217, 220 

nerves required for, 220 

range of, 219 

(See Speech and Sound). 

tones of, 220 

Volition, organic reflex of, 92, 93 

Voluntary impulse, tract of, 130* 

nervous action, on body, 93 

reflex onlv 92, 93 

motor apparatus, origin of,.. . . 260 

muscles 246 

Vomiting, bile, a cause of,.. .55, 65, 66 

from tasting 182 

in pre-iuancy 141, 264 

nerve of, 184 

reflex action of, 182 
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WaUer'8 law 153 

Warm-blooded animals 110, 228 

Waste matter, quantity in blood.. 81 

Water, absorption of, 77 

by skin 55,231 

by vegetables 23 

amount of, required daily 30 

and albumen, coagulation of . . . . 27 
and sulphuric acid, heat from,. 120 

animalcula 269, 280 

diamagnetic properties of, Ill 

effect on red blcK)d-corpuscles . 79 

elimination of, 30, 108 

by skin 30, 108, 123, 228 

from lungs 30 108, 123 

essential in plants 23, 24, 36 

importance of, in body 29 

in blood 81 

perspired, amount of, 228 

proximate principle 26 

quantity in body 30 

repellent properties of, Ill 

Watery stools 77 

Weight of body, daily loss of, 231 

Wheat, bread from, 32 

nutriment of, 32 

starch in, 49 

White blood-corpuscles, 81 

affinity of, 87 

amceboid movements of, 81 

motion of, 79 

number of, 81 

increase of, 84 

origin of, 56,80,81 

passage through walls of 

vessels 81 



White blood -corpuscles (See Blood). 

size of, 81 

White blood disease 84 

fibrous connective tissue 270 

of egg (See Albumen). 

substance of Schwann.. ..143, 144* 

swelling of tissue 272, 273 

tendinous connective tissue. . . 270 

Will, power over reflexes 141 

Willis, circle of, 128* 

Winking of eye, suspended 193 

Wolffian bodies 239 

Womb (See Uterus). 

Woorara, action of, 148 

Work of muscles 248 

of heart 90 

World, organic, involves 23 

Worms in intestines 269 

Writing in aphasia, but unable to 

read it aloud 221 

ICanthogenate of potassium, ac- 
tion of, 53 

on albumen 53 

on peptones 53 

Yelk of ovum 256*, 259* 

membrane of, 256* 

Yellow elastic tissue 303 

fibrous connective tissue 270 

spot of eye 191 

of ovary 257 

Zona pellucida of ovum, 255, 256*, 259* 

Zone of Zinn 303 

Zymosis 303 
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